uuu  till  uurr 


USARTL-TR-79-16 


>? 


1 


1 


£5E 


fflJA073554 

DESIGN  ASSESSMENT  OF  ADVANCED  TECHNOLOGY  LIGHTWEIGHT, 
LOW-COST  MISSION-CONFIGURED  GONDOLA  MODULES 


John  D.  Porterfield 
KAMAN  AEROSPACE  CORPORATION 
Old  Windsor  Road 
Bloomfield,  Conn.  06002 


July  1979 


„.s* 

A 


Final  Report  for  Period  August  1978  - March  1979 


Approved  for  public  release; 
distribution  unlimited. 


Prepared  for 

APPLIED  TECHNOLOGY  LABORATORY 

U.  S.  ARMY  RESEARCH  AND  TECHNOLOGY  LABORATORIES  (AVRADCOM) 
Fort  Eostis,  Va.  23604 


79  09  07  009 


APPLIED  TECHNOLOGY  LABORATORY  POSITION  STATEMENT 


Previously  conducted  research  and  development  effort  JJJSAAMfiU^XfLZZ'28,  "Gondola 
System  for  Helicopter  Transport  of  External  Cargo")  provided  the  design  and  fabrication 
of  experimental  gondola  units  for  operational  suitability  and  force  development  testing 
and  experimentation  evaluations.  Although  these  experimental  units  demonstrated  the 
technical  feasibility  and  major  productivity  improvements  available  through  use  of  a 
gondola  system,  it  was  equally  apparent  that  configuration  and  technological  improve- 
ments were  needed  prior  to  full  development  of  the  concept. 

The  program  reported  herein  is  a follow-on  effort  to  the  above.  The  basic  objectives  of 
this  effort  were  to  analyze,  assess,  and  select  advanced  technology  materials  and  compati- 
ble, efficient  structural  design  arrangements  for  a low-cost,  lightweight,  aerodynamical ly 
stable  family  of  gondolas.  This  Laboratory  concurs  in  the  design  concepts  recommended 
in  the  report.  However,  because  the  proposed  design  approach  uses  extensive  advanced 
metallic  and  nonmetallic  structural  arrangements,  verification  testing  to  demonstrate 
overall  structural  integrity  is  considered  to  be  essential  prior  to  initiating  development  of 
the  gondola  concept.  Accordingly,  a program  is  planned  for  FY79  to  design,  fabricate, 
and  test  critical  elements/components  and  full-scale  gondola  assemblies;  this  effort  will 
provide  the  necessary  knowledge  to  complete  a low  risk  engineering  development  program. 

Mr.  S.  G.  Riggs,  Jr.,  Aeronautical  Systems  Division,  served  as  Project  Engineer  for  this 
effort. 


DISCLAIMERS 

Tlx  findings  in  this  report  are  not  to  be  construed  es  an  official  Department  of  the  Army  position  unless  so 
designated  by  other  authorized  documents. 

When  Government  drawings,  specifications,  or  other  date  are  used  for  any  purpose  other  then  in  connection 
with  a definitely  related  Government  procurement  operation,  the  United  States  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the  Government  may  have  formulated,  furnished, 
or  in  any  way  supplied  the  said  drawings,  specifications,  or  othar  data  it  not  to  be  regarded  by  implication  or 
otharwite  at  in  any  manner  licensing  the  holder  or  any  other  person  or  corporation,  or  conveying  any  rights  01 
permission,  to  manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 

Trade  names  cited  in  this  report  do  not  constitute  an  official  endorsement  or  approval  of  the  use  of  such 
commercial  hardware  or  software. 


DISPOSITION  INSTRUCTIONS 

Destroy  this  report  when  no  longer  needed.  Do  not  return  it  to  the  originator. 


ICATION  OF  THIS  PACE  (Whm  DM.  gnfnd) 


PORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


IPIENT'S  CATALOG  NUMBER 


• - PERFORMING  ORGANIZATION  NAME  AND  AOORESS  / 

Kaman  Aerospace  Corporation  ' 

Old  Windsor  Road 

Bloomfield,  Connecticut  06002 


H.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  / 

Appliea  Tecnnology  Laboratory  l i | 

U.  S.  Army  Research  and  Technology  Laboratories! 
(AVRADCOM),  Fort  Eustis,  Virginia  23604  r 


monitoring  agency  name  • 


/a  \ 1 7b 


15.  SECURITY  CLASS,  (ot  thle  report) 


Unclassified 


5m.  declassification/downgrading 
SCHEDULE 


f.  DISTRIBUTION  STATEMENT  (of  thlo  Report) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ot  tho  mbetrmct  ontorod  In  Block  20.  It  dtttoront  from  Roport) 


If.  KEY  WORDS  (Continue  on  toooroo  oldo  If  neceeemry  *nd  Identity  by  block  number) 


Gondola  Modules 

Cargo  Handling  Equipment 

Helicopters 

Orthotropic  Plate  Deck 


External  Cargo 
Cable  Truss 

Helicopter  External  Gondola  System  (HEGS) 


M.  iRTnirT  ithti  mi  — r i -r 

-The  objectives  of  this  program  were  to  identify  applicable  high  strength 
materials  and  efficient  structural  concepts  for  application  to  various  elements 
of  the  helicopter  external  gondola  system  (HEGS)  and  to  subsequently  prepare 
preliminary  design  arrangements  for  the  HEGS-10,  HEGS-20,  and  HEGS-Palletized 
modules. 


, 1473  EDITION  OF  I NOV  M IB  O— OLE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  ( 


i Dmtm  Entered) 


> V*' 


PREFACE 


This  investigation  of  advanced  gondola  modules  was  performed  under  Contract 
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Solomon  Riggs,  Jr.,  of  the  Applied  Technology  Laboratory  provided  technical 
direction  for  the  program. 
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Bloomfield,  Connecticut.  John  Porterfield  was  the  principal  engineer. 
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the  results  of  Army  evaluations  of  earlier  gondolas,  and  his  own  insight 
into  the  operational  uses  of  the  gondola  modules.  The  author  is  also 
grateful  to  Robert  Mayerjak  and  George  Haire  of  Kaman  Aerospace  Corporation 
for  their  contributions  to  the  development  of  concepts  and  analyses  through- 
out the  program. 
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INTRODUCTION 


Full  productivity  of  Army  helicopters  cannot  be  obtained  using  existing 
cargo  nets,  slings,  and  MILVAN  containers.  The  operational  mission  of  Army 
cargo  and  utility  helicopters,  particularly  the  CH-47  and  the  UH-60, 
requires  the  development  of  a family  of  gondolas  which  provide  a more  effec- 
tive, efficient,  and  safe  means  for  the  external  transport  of  noncontainer- 
ized  cargo  such  as  breakbul k/general  cargo,  equipment,  spare  parts,  rations, 
ammunition,  weapons  systems,  and  vehicles. 

In  an  earlier  effort  reported  in  Reference  1,  two  experimental  gondola  sys- 
tems were  fabricated  and  successfully  proof-loaded.  The  Army  then  performed 
experimental  service  tests  to  determine  their  operational  suitability. 

These  tests  demonstrated  the  technical  feasibility  of  the  gondola  concept 
and  identified  configurations  and  technological  improvements  essential  to 
logistical,  combat,  and  combat  service  support  missions.  Foremost  among 
the  required  improvements  was  the  need  for  a large  (about  60%)  reduction  in 
weight.  To  achieve  such  a large  weight  reduction  while  still  maintaining  a 
practical,  low-cost  gondola  appropriate  for  Army  field  use  requires  the 
development  of  new  structural  concepts  that  are  more  efficient  than  conven- 
tional structures. 

i* 

The  objective  of  the  present  program  is  to  develop  such  improved  concepts 
for  a family  of  gondolas.  Included  in  this  report  are: 

1.  Detailed  description  of  the  preferred  gondola  concepts 

2.  Cost  and  weight  estimates 

3.  Identification  of  operational  features  and  advantages  of  the 
preferred  concepts 

4.  Rationale  for  the  selection  of  preferred  concept 

5.  Discussion  of  alternative  structural  arrangements  and 
materials  that  were  considered,  with  reasons  why  they  were 
judged  to  be  less  beneficial  than  the  preferred  concepts 

6.  Preliminary  stress  analyses  for  the  preferred  gondola 
concept. 


1.  GONDOLA  SYSTEM  FOR  HELICOPTER  TRANSPORT  OF  EXTERNAL  CARGO,  Brooks  and 
Perkins,  Inc.,  USAAMRDL-TR-77-28,  Applied  Technology  Laboratory,  U.  S. 
Army  Research  and  Technology  Laboratories  (AVRADCOM),  Fort  Eustis, 
Virginia,  September  1977,  ADA047560. 


Eleven  major  parameters  were  recognized  and  used  to  guide  the  development 
and  evaluation  of  concepts  and  materials: 

/ 

1.  Weight 

2.  Cost 

3.  Aerodynamic  stability 

4.  Impact  resistance 

5.  Wear  resistance 

6.  Environmental  stability 

7.  Repairabi 1 ity  and  maintainability 

8.  Rapid  load  and  unload  capability 

9.  Multipurpose  versatility 

10.  Compatibility  with  Army  cargo  and  utility  helicopters 

11.  Compatibility  with  automated  lifting  devices  and  ground 
transport  equipment. 


PREFERRED  CONCEPTS 


The  family  of  gondolas  has  three  members  which  have  the  following  names, 
sizes,  and  purposes: 

1.  HEGS-10.  General  purpose  8-foot  x 10-foot  cargo  gondola. 

Transport  breakbulk/general  cargo,  equipment,  spare  parts, 
rations,  ammunition. 

2.  HEGS-20.  General  purpose  8-foot  x 20-foot  cargo  gondola. 

Transport  breakbulk/general  cargo,  equipment,  spare  parts, 
rations,  ammunition,  artillery,  vehicles. 

3.  HEGS-Palletized.  Palletized  cargo  gondola.  Configured  to 
accept  463L  pallets  (463L  Air  Cargo  Handling  System,  MIL-A- 
8421D)  or  40-inch  x 48-inch  pallets,  and  other  specialized 
palletized  cargo. 

The  preferred  concepts  for  each  gondola  type  are  shown  in  Figure  1.  Each 
gondola  is  a welded  aluminum  cable-truss  which  has  a perforated  plate  floor 
system.  The  gondolas  are  closely  related  in  structural  configuration,  fab- 
rication method,  and  materials.  It  will  be  found  that  much  of  the  descrip- 
tion and  rationale  presented  for  the  HEGS-10  also  applies  to  the  HEGS-20 
and  HEGS-Palletized. 

HEGS-10  GONDOLA  MODULE 


Figure  2 shows  the  preferred  configuration  for  the  HEGS-10  gondola  module. 
This  module  is  10  feet  long,  8 feet  wide,  8-1/2  feet  in  height,  and  con- 
forms to  ANSI  document  MH  5.1-1971  (Reference  2)  dimensional  requirements 
for  10-foot-long  units,  as  shown  in  Figure  3.  The  effective  minimum  lat- 
eral interior  width  is  88  inches.  Its  fully  loaded  design  gross  weight  is 
8,000  pounds.  The  design  loading  conditions  for  the  HEGS-10  module  are 
described  in  Appenaix  A.  The  following  list  of  ultimate  loads  from  Appen- 
dix A shows  the  magnitude  of  loading  for  which  the  gondola  was  designed: 

1.  An  ultimate  load  of  38.4  kips  applied  at  the  load  center 
of  gravity  for  the  single-point  suspension  and  the  two- 
point  suspension  flight  conditions 

2.  An  ultimate  downward  load  of  21.6  kips  applied  to  the  load 
center  of  gravity  of  the  upper  module  of  a two-module  high 


T.  BASIC  REQUIREMENTS  FOR  CARGO  CONTAINERS,  ANSI  MH  5.1-1971,  The  Ameri- 
can Society  of  Mechanical  Engineers,  United  Engineering  Center,  345 
East  47th  Street,  New  York,  New  York  10017. 
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Figure  2.  Continued 
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to  the  load  center  of  gravity  of  the  lower  module 
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3.  An  ultimate  longitudinal-racking  load  of  7.2  kips 
applied  at  an  upper  corner  of  the  gondola  module 

4.  An  ultimate  lateral-racking  load  of  7.2  kips  applied  at 
an  upper  corner  of  the  gondola  module. 

Prominent  features  of  the  HEGS-10  gondola  module  include: 

1.  Low  Cost  - The  estimated  total  cost  is  $2,971.24  (Table  1). 

2.  Low  Weight  - The  weight  is  602  pounds  (Table  1). 


TABLE  1.  COST  AND  WEIGHT  SUMMARY  FOR  THE  HEGS-10  MODULE 

— 

COST 

WEIGHT 

ITEM 

(DOLLARS) 

(LBS) 

Floor  Assembly 

1,382.54 

440.2 

Upper  Structure 

418.89 

76.8 

Corner  Columns 

255.64 

23.4 

Diagonal  Cables 

518.52 

8.2 

Cable  Attachment  Hardware 

338.07 

43.4 

Miscellaneous  Attachment  Hardware 

9.43 

10.2 

Packaging 

48.15 

— 

TOTALS 

2,971.24 

602.2 

t-  — .....  J 

3.  Aerodynami c Stabi 1 i ty  - Low  drag  profile  is  obtained  for 
the  unloaded  module  through  the  use  of  the  perforated 
floor,  circular  tube  members,  and  cable  diagonals. 

4.  Impact  Resistance  - 


a.  Hard  landing.  Impact  energy  is  accommodated  and 
absorbed  through  structural  flexibility,  the  use  of 
high  ductility  materials,  load  limiting  diagonals, 
and  bearing  mounted  superstructure. 

b.  Cargo  handling.  Perforated  floor  can  be  dented  and 
even  punctured  without  loss  of  structural  capacity 
because  of  the  alternative  load  paths  provided  by  the 
redundancy  of  the  structure. 


✓ 5.  Wear  Resistance  - The  metallic  floor  member  has  a substan- 

tial 3/16-inch  thickness  which  provides  an  inherent  high 
resistance  to  wear. 

6.  Environmental  Stability  - Corrosion-resistant  materials 
are  used  throughout  the  structure. 

7.  Repairabil ity  - Repairs  are  made  by  welding.  The  mater- 
ials selected  have  high  structural  strength  after  welding 
without  post-weld  heat- treatment.  Columns  and  diagonals 
may  be  readily  replaced  if  excessively  damaged. 

8.  Rapid  Load  and  Unload  Capability  - 

a.  Rapid  removal  of  end  or  side  diagonals  is  accomplished 
without  tools  by  loosening  turnbuckles  and  removing 
T-bar  fittings  from  lower  corner  fittings. 

b.  Positive  ramp  retention  precludes  slip-off  during 
use. 

c.  Flush-mounted  tiedown  fittings. 

d.  Rapid  removal  of  auxiliary  tiedown  fittings. 

e.  Provisions  for  preventing  fold-down  of  superstructure 
when  the  end  or  side  diagonals  are  removed. 

9.  Multipurpose  Versatility  - 

a.  The  gondola  module  can  be  converted  into  a pallet  by 
removing  the  four  lower  column  attachment  bolts  and 
the  lower  diagonal  attachment  fittings. 

b.  The  floor  can  be  equipped  with  wheels  or  skids  to  con- 
vert the  module  into  a trailer  or  sled. 

c.  The  module  can  be  converted  into  a container  by 
enclosing  the  top  and  the  sides. 

d.  The  modules  may  be  rapidly  disassembled  for  transport 
by  removing  eight  bolts  and  the  diagonals. 

10.  Compatibility  With  Army  Cargo  and  Utility  Helicopters  - 

a.  Structural  and  functional  compatibility  with  the 
YH-60  utility  helicopter  or  the  CH-47D  cargo  heli- 
copter for  either  the  single-point  or  two-point  sus- 
pension condition  is  accomplished  through  compliance 
with  the  established  design  requirements. 
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b.  The  safety  of  personnel  attaching  lift  slings  to  a 
/ helicopter  is  enhanced  by  the  use  of  column-mounted 

/ steps  or  platforms. 

1 1 . Compatibility  With  Automated  Lifting  Devices  and  Ground 
Transport  Equipment  - Compliance  with  the  geometry 
requirements  for  cargo  containers  specified  in  ANSI  docu- 
ment MH  5.1-1971  and  the  structural  design  requirements 
specified  in  Appendix  A of  this  report  should  insure  com- 
patibility with  the  Army's  automated  lifting  devices  and 
ground  transport  equipment. 

As  shown  in  Figures  2 and  4,  the  basic  subassemblies  of  the  HEGS-10  cable- 
truss  structural  arrangement  include  the  perforated  plate  deck  floor  sys- 
tem, upper  structure,  vertical  columns,  and  upper,  side  and  end  diagonals. 

Floor  Structure 

The  welded  aluminum  floor  system  is  a perforated  deck  plate  supported  by 
stringers,  end  beams,  side  beams,  intercostals,  and  standard  International 
Organization  for  Standardization  (ISO)  corner  fittings.  Local  intercostals 
between  the  side  beams  and  the  outer  stringers  reinforce  the  floor  perim- 
eter. This  floor  concept  offers  the  following  advantages: 


T. 

Aerodynamic  stability 

I 

2. 

Low  weight 

3. 

Low  cost 

i 

4. 

Large  capacity  to  support  high  local  overloadings 

5. 

Torsional  flexibility  which  permits  racking  without  dam- 
age during  hard  landings  on  uneven  ground 

6. 

High  impact  and  wear  resistance 

7. 

Ease  of  repair  by  welding  without  post-weld  heat-treatment 

8. 

Good  corrosion  resistance. 

This  floor  system  resists  large  overloads  by  structurally  efficient  mem- 
brane action.  Membrane  action  allows  the  loads  to  be  supported  primarily 
by  axial  tensions,  rather  than  bending.  The  structural  analyses  presented 
in  Appendix  A describe  further  the  high  load  capability  of  the  floor  and 
present  test  results  from  a similar  floor. 

Impact  loads  caused  by  normal  landings  and  corner  strikes  are  accommodated 
by  elastic  deformation  of  the  structure.  In  the  case  of  extraordinary 
hard  landings,  links  in  the  diagonals  are  designed  to  yield  and  absorb  the 
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landing  energy  while  limiting  the  load  applied  to  the  elements  of  the 
structure.  These  links  are  adjustable  and  replaceable;  they  serve  as  effi- 
cient structural  fuses  to  limit  damage  during  extraordinary  events.  The 
torsional  flexibility  of  the  perforated  deck  floor  system  permits  the  neces- 
sary twisting  to  occur  elastically  without  damage. 

The  perforated  deck  plate  has  a high  tolerance  to  impact  damage  caused  by 
cargo  handling.  It  can  be  dented  or  even  penetrated  with  little  conse- 
quence to  functional  utility  or  structural  safety.  If  the  plate  were 
cracked,  the  crack  would  propagate  until  one  of  the  perforations  were 
reached  and  further  crack  progression  would  be  stopped. 

The  floor  structure,  as  shown  in  Figure  4,  is  designed  for  simplicity  of 
fabrication  and  corresponding  low  cost.  All  members  are  of  constant  cross 
section.  Such  construction  is  optimal  for  overall  cost  benefit  to  the  Army 
because  it  reduces  cost  to  the  lowest  levels.  Additional  weight  savings 
could  be  obtained  by  machining  excess  metal  in  lower  stressed  areas;  how- 
ever, the  benefits  from  such  operations,  in  general,  do  not  justify  their 
cost. 

Aluminum  alloy,  type  5456,  extrusions  and  plate  are  used  for  all  structural 
members  of  the  welded  floor  system,  with  the  exception  of  the  corner  fit- 
tings. The  5456  aluminum  alloy  was  selected  for  its  high  strength  proper- 
ties after  welding  with  no  post-heat-treatment,  and  for  its  high  resistance 
to  corrosion  and  abrasion.  Material  selected  for  the  ISO  upper  and  lower 
corner  fittings  is  6066-T6  aluminum  alloy.  This  material  was  selected  for 
its  high  strength  and  its  high  resistance  to  corrosion  and  abrasion. 

In  addition  to  reducing  the  weight  of  the  deck  plate,  the  systematic 
arrangement  of  the  deck  perforations  adds  versatility  to  this  gondola  con- 
cept by: 

1.  Simplifying  the  installation  of  permanently  mounted  tie- 
down rings  as  the  2-1/2-inch-diameter  holes  are  compatible 
with  the  installation  requirements  for  many  standard  flush- 
mounted  tiedown  fittings.  The  number  and  arrangement  of 
these  fittings  may  be  tailored  as  desired  without  rework 

to  the  structure. 

2.  Providing  auxiliary  tiedown  capabilities  at  many  locations 
through  the  use  of  temporary  tiedown  fittings,  hooks,  or 
other  special  fittings. 

3.  Permitting  the  installation  of  a lightweight,  low-profile 
roller  system  on  the  floor  of  any  of  the  three  base  con- 
figurations as  the  hole  pattern  will  be  (with  minor  varia- 
tions) identical  for  all  three  modules.  It  should  be 
noted  that  the  orientation  of  one  hole  to  another  forms  a 
hexagon  pattern.  The  hexagon  pattern  permits  the  ligaments 
between  holes  to  be  of  equal  length  and  width,  and  thus,  of 
equal  strength. 


4.  Permitting  the  rapid  installation  and  removal  of  guide 
rails  and  wheel  chocks. 

The  end  and  side  members  are  designed  to  form  a strong  perimeter  around  the 
floor  structure  for  resisting  impact  strikes  on  landing  and  resisting  the 
concentrated  loads  caused  by  cargo  handling  equipment  and  other  wheeled 
vehicles  driving  on  and  off  the  floor.  A systematic  pattern  of  retention 
holes  is  located  in  the  web  of  the  end  and  side  members  around  the  periph- 
ery of  the  floor.  These  holes  provide  a means  for  attaching  loading  ramps 
at  many  positions  to  accommodate  loading  or  unloading  operations  from  the 
ends  or  sides.  Figure  5 shows  a loading  ramp  in  its  installed  position. 

The  geometry  of  the  attached  end  of  the  ramp  positively  locks  the  ramp  to 
the  module  and  precludes  a slip-off  during  operational  use. 

Upper  Structure 

The  geometry  of  the  HEGS-10  upper  structure  conforms  to  the  geometric 
requirements  of  ANSI  document  MH  5.1-1971  for  10-foot-long  units  (Figure  3). 
The  upper  structure  is  a rectangular  frame  consisting  of  aluminum  tubing 
weided  to  standard  ISO  corner  fittings  and  prevented  from  racking  out  of 
alignment  by  the  fixity  of  the  welded  tube-to-corner  fitting  attachment  and 
by  the  use  of  Kevlar-cable  diagonals. 

Several  corrosion-resistant  aluminum  alloys  were  considered  in  establishing 
a weight-strength  efficient  tube  for  the  compression-loaded  upper  frame 
members.  The  materials  were  reviewed  for  their  basic  yield  strengths  in 
the  buckl ing-critical  central  portion  of  tube,  and  for  their  ultimate  and 
yield  strengths  in  the  welded  heat-affected  zones  at  the  ends  of  the  tube. 

Of  the  weldable  aluminum  alloys,  6061-T6  is  attractive  because  of  its  high 
yield  strength  before  welding  and  its  adequate  ultimate  and  yield  strengths 
in  the  welded  heat-affected  zone. 

The  upper  frame  structure  is  capable  of  resisting  impact  loads  and  hard 
landings  without  failure.  Large  out-of-plane  bending  and  twisting  defor- 
mations can  be  tolerated  without  exceeding  the  yield  strengths  of  the  indi- 
vidual members. 

Vertical  Columns 


The  vertical  columns  supporting  the  upper  structure  are  subjected  to  both 
tension  and  compression  loads.  They  consist  of  two  forged  6061-T6  aluminum 
lug  end  fittings  welded  to  a section  of  6061-T6  aluminum  tubing.  Inexpen- 
sive monoball  bearings  are  mounted  in  the  lug  portion  of  each  end  fitting 
to  minimize  the  transfer  of  bending  moments  to  the  columns,  which  could 
otherwise  induce  permanent  deformation  during  hard  landing.  A total  of 
eight  bolts  are  used  to  attach  all  the  vertical  columns  to  the  upper  and 
lower  corner  fitting  lugs.  The  3-3/4-inch-diameter,  .049-inch-thick  tubing 
is  capable  of  withstanding  high  impact  loads  by  deforming  elastically  or, 
in  severe  cases,  inelastically.  In  the  event  that  a column  is  damaged 
severely,  it  can  be  removed  for  repair  and  a replacement  installed  by 


and  its  installation  procedure. 


disconnecting  and  replacing  only  two  bolts.  End  fittings  may  be  salvaged 
and  reused.  However,  their  low  cost  makes  many  such  procedures  unnecessary. 

Diagonals 

Upper,  side,  and  end  diagonals  are  used  to  maintain  the  required  squareness 
of  the  HEGS-10  gondola  module  by  resisting  racking  loads.  High-strength, 
low-weight  Kevlar  cables  having  17-4  PH  stainless  steel  attachment  fittings 
at  each  end  were  selected  as  the  preferred  diagonal  design.  Side  and  end 
diagonals  have  an  adjustable  T-bar  fitting  at  the  lower  end  and  a nonadjust- 
able  T-bar  fitting  at  the  upper  end.  Upper  diagonals  are  similar,  but 
U-bolt  end  attachments  are  substituted  for  the  T-bar  attachments  to  reduce 
cost  and  weight. 

Figure  6 shows  the  details  of  the  lower  adjustable  T-bar  attachment  fitting. 
This  design  incorporates: 

1.  A turnbuckle  that  is  used  to  adjust  the  length  and  to 
apply  preload  to  the  diagonal  assembly 

2.  A relatively  long,  reduced-diameter,  energy-absorbing 
section 

3.  A T-bar  attachment  fitting  used  to  facilitate  the  rapid 
installation  and  removal  of  the  diagonal  assembly 

4.  A permanently  attached  handle  to  facilitate  adjusting 
the  diagonals  without  the  use  of  tools 

5.  A square  shaft  on  one  member  and  a square  hole  in  the 
other  member  which  prevents  twisting  of  the  cable  as 
the  assembly  is  adjusted  by  the  handle. 

Impact  loads  during  hard  landings  are  limited  and  energy  is  absorbed  by  the 
axial  stretching  of  the  diagonal  assembly  with  the  major  portion  of  the 
deformation  occurring  in  the  long,  reduced-diameter  portion  of  the  fitting. 
The  bars  are  made  from  17-4  PH  corrosion-resistant  steel  which  has  good 
ductility. 

The  T-bar  portion  of  the  fitting  is  used  to  simplify  the  rapid  installation 
or  removal  of  the  diagonal  assembly.  The  T-bar  need  only  be  inserted  into 
the  corner  fitting  slots  and  turned  90  degrees  to  accomplish  the  connection. 
Advantages  of  this  system  include: 

1.  No  pins  or  bolts  to  be  removed,  lost,  or  broken 

2.  No  tools  required  for  the  installation  or  removal  of  the 
diagonal  assembly 

3.  Cables  are  semiflexible  and  resist  damage  due  to  bending 
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4.  Corrosion-resistant  materials  used  throughout 

5.  Large  adjustment  capability 

6.  No  sharp  edges  to  injure  personnel 

7.  In  the  event  that  the  diagonals  are  severely  damaged, 
they  may  be  easily  replaced. 

U-bolt  connections  can  be  used  for  the  upper  diagonal  system  because  these 
members  are  not  removed  during  normal  side  or  end  loading  and  unloading 
operations.  If  access  for  top  loading  or  unloading  were  required,  T-bar 
end  fittings  could  be  used  instead  of  the  U-bolt  connections  shown  in 
Figure  2. 

HEGS-20  GONDOLA  MODULE 

Figure  7 presents  the  preferred  design  concept  for  the  HEGS-20  gondola  mod- 
ule. Features  incorporated  in  this  design  are  essentially  the  same  as  pre- 
viously described  for  the  HEGS-10  gondola  module.  Variations  that  do  occur 
such  as  increases  in  length,  in  member  sizes,  and  in  the  number  of  members 
required,  are  necessary  to  accommodate  the  special  function  and  load 
requirements  of  the  HEGS-20  module. 

The  HEGS-20  gondola  module  is  20  feet  long,  8 feet  wide,  8-1/2  feet  high, 
and  conforms  to  the  ANSI  document  MH  5.1-1971  dimensional  requirements  for 
20-foot-long  units  (Figure  3).  The  effective  minimum  lateral  interior 
width  of  the  module  is  88  inches  at  the  corner  columns  and  89.5  inches  at 
the  center  columns.  Its  fully  loaded  gross  weight  is  25,000  pounds.  The 
design  conditions  and  loads  for  the  HEGS-20  module  are  described  in  Appen- 
dix A.  The  gondola  was  designed  for  the  following  ultimate  loads  (from 
Appendix  A): 

1.  An  ultimate  load  of  86.25  kips  applied  at  the  load  center 
of  gravity  for  the  single-point  suspension  flight  condi- 
tion 

2.  An  ultimate  downward  load  of  67.5  kips  applied  to  the 
load  center  of  gravity  of  the  upper  module  of  a two- 
module  high  stack,  and  an  ultimate  load  of  37.5  kips 
applied  to  the  load  center  of  gravity  of  the  lower  module 

3.  An  ultimate  longitudinal-racking  load  of  22.5  kips 
applied  at  an  upper  corner  of  the  gondola  module 

4.  An  ultimate  lateral-racking  load  of  22.5  kips  applied 
at  an  upper  corner  of  the  gondola  module. 
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The  estimated  cost  of  the  HE6S-20  gondola  module,  shown  in  Figure  7,  is 
$5,427.27  and  its  empty  weight  is  1,308.3  pounds.  A breakdown  of  the  costs 
and  weights  is  shown  in  Table  2. 


TABLE  2.  COST  AND  WEIGHT  SUMMARY  FOR  THE  HEGS-20  MODULE 

COST 

WEIGHT 

ITEM 

(DOLLARS) 

(LBS) 

Floor  Assembly 

2,481.96 

860.7 

Upper  Structure 

823.32 

183.1 

Corner  Columns 

255.64 

52.88 

Center  Columns 

401.85 

28.02 

Diagonal  Cables 

829.62 

36.4 

Cable  Attachment  Hardware 

546.01 

108.2 

Miscellaneous  Attachment  Hardware 

17.38 

39.0 

Packaging 

71.49 

— 

TOTALS 

5,427.27 

1,308.3 

The  long  sides  of  the  HEGS-20  module  are  subdivided  and  trussed  to  provide 
supports  for  the  floor  at  its  midspan,  as  well  as  at  its  ends.  The 
trussing  is  accomplished  by  two  removable  center  columns  and  pairs  of 
removable  diagonals  in  each  panel. 

Figure  8 shows  the  details  for  the  removable  center  column.  It  is  essen- 
tially a jack-post  having  an  adjustable  upper  end.  A permanently  installed 
handle  is  used  to  permit  installation  or  removal  without  tools.  During 
installation,  the  lower  square-ended  fitting  is  inserted  into  the  square 
hole  of  the  lower  bracket  (which  prevents  the  column  from  rotating)  and  the 
adjustable  fitting  is  screwed  upward  until  it  engages  the  round  hole  in  the 
upper  bracket.  Detents  spaced  90  degrees  apart  are  provided  on  the  upper 
column  fitting  to  prevent  the  handle  from  rotating  during  normal  operations. 

Other  features  included  in  the  design  of  the  center  column  area  of  the 
HEGS-20  module  include: 

1.  T-bar  slots  are  provided  in  the  upper  and  lower  brackets 
for  attaching  the  diagonals. 

2.  Steps  are  provided  on  the  center  column  to  permit  per- 
sonnel to  climb  on  the  side  of  the  module.  It  should 
also  be  noted  that  similar  provisions  will  be  provided 
on  the  end  columns. 


29 


As  with  the  HEGS-10  module,  the  upper  diagonals  for  the  HEGS-20  module  are 
shown  attached  to  the  upper  frame  by  U-bolt  diagonal  end  fittings.  Should 
rapid  access  for  loading  or  unloading  cargo  be  desired  through  the  top, 
T-bar  diagonal  end  fittings  may  be  substituted  for  the  U-bolt  end  fittings 
with  some  increase  in  cost  and  weight. 

HEGS-PALLETIZED  GONDOLA  MODULE 


The  preferred  design  for  the  HEGS-Pal letized  gondola  module  is  shown  in 
Figures  9 and  10.  The  module  is  approximately  20  feet  long,  10  feet  wide 
at  the  base,  8 feet  wide  at  the  upper  surface,  and  8-1/2  feet  high.  Its 
fully  loaded  gross  weight  is  25,000  pounds.  The  HEGS-Pal letized  module  was 
designed  to  withstand  the  same  loading  conditions  specified  for  the  HEGS-20 
module  as  previously  defined. 

The  estimated  cost  of  the  HEGS-Pal letized  gondola  module  is  $6,962.90  and 
its  empty  weight  is  1,602.0  pounds.  A cost  and  weight  breakdown  for  the 
HEGS-Pal letized  module  is  shown  in  Table  3. 


TABLE  3.  COST  AND  WEIGHT  SUMMARY  FOR 

THE  HEGS-PALLETIZED  MODULE 

COST 

WEIGHT 

ITEM 

(DOLLARS) 

(LBS) 

Floor  Assembly 

3,165.96 

1,097.9 

Upper  Structure 

1,039.60 

196.8 

Corner  Columns 

767.94 

105.9 

Center  Columns 

524.90 

24.4 

Diagonal  Cables 

829.62 

35.5 

Cable  Attachment  Hardware 

546.01 

108.2 

Miscellaneous  Attachment  Hardware 

17.38 

34.2 

Packaging 

71 .49 

— 

TOTALS 

6,962.90 

1 ,602.9 

Special  requirements  governing  the  design  of  the  HEGS-Palletized  gondola 
module  are: 


1.  The  top  planform  configuration  shall  conform  with  dimen- 
sional specifications  for  8-foot-wide,  20-foot-long  units, 
ANSI  document  MH  5.1-1971. 
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2.  The  exterior  width  of  the  base  shall  be  the  minimum 
attainable  consistent  with  an  interior  effective  width 

/ of  110  inches  + 2 inches  - 0.  This  dimension  shall  be 

maintained  for  a height  of  6 feet  above  the  floor  surface. 

3.  The  exterior  length  of  the  base  shall  conform  with  dimen- 
sional specifications  for  20-foot-long  units,  ANSI  docu- 
ment MH  5.1-1971. 

4.  The  bottom  planform  configuration  (underside  of  the  base) 
shall  provide  for  attachment  points  that  conform  with 
dimensional  specifications  for  8-foot-wide,  20-foot-long 
units,  ANSI  document  MH  5.1-1971. 

Many  of  the  features  previously  discussed  for  the  HEGS-10  and  HEGS-20  gon- 
dola modules  are  also  applicable  to  the  HEGS-Palletized  gondola  module.  In 
view  of  the  special  requirements  for  this  design,  however,  modifications 
must  be  made  to  the  configuration  of  the  floor,  upper  structure,  vertical 
columns,  and  column/diagonal  attachment  points. 

The  floor  system  shown  in  Figures  9 and  10  reflects  the  increased  width 
corresponding  to  the  110-inch  minimum  clear  interior  width  requirement. 

Two  additional  longitudinal  beams  are  used  to  accommodate  the  extra  width. 
Auxiliary  structure  was  also  added  to  support  the  lower  ISO  attachment  fit- 
tings which  are  located  approximately  15  inches  in  from  the  extremities  of 
the  end  beams.  At  each  corner,  slotted  brackets  and  column  attachment  lugs 
are  provided  for  attaching  the  diagonal  T-bar  fittings  and  the  columns. 

The  hole  pattern  used  for  the  HEGS-Palletized  module's  perforated  plate 
deck  is  similar  to  that  used  for  the  HEGS-10  and  HEGS-20  decks.  This  fea- 
ture would  permit  floor  roller  systems  developed  for  the  HEGS-Palletized 
modules  to  be  used  with  the  two  other  gondola  systems. 

In  order  to  meet  the  special  requirements  for  the  HEGS-Palletized  gondola 
modules  previously  defined,  the  upper  structure  and  the  vertical  columns 
must  be  altered  considerably  from  those  required  for  the  HEGS-20  modules. 

As  shown  in  Figures  9 and  10,  eccentrical ly  loaded  beam-columns  are 
required  to  conform  to  clear  width  requirements  for  end  loading,  while 
still  meeting  the  upper  geometry  requirements  for  8-foot-wide  units  as  well 
as  the  requirements  for  automated  lifting  devices.  Column  stability 
requirements  in  the  fore  and  aft  direction  necessitate  the  addition  of  a 
longitudinal  member  at  approximately  6 feet  above  the  floor  surface,  a bent- 
up  shear  web,  and  an  upper  center  column  member  for  each  side  of  the  module. 

As  the  column  for  the  HEGS-Pallet.ized  module  will  be  subjected  to  appre- 
ciable bending  moments  caused  by  the  12-inch  eccentricity  in  addition  to 
the  normal  axial  loading,  a substantial  column  is  required.  A 4-inch  x 
4-inch  x 1/8-inch  6066-T6  aluminum  tube,  reinforced  with  cover  plates  in 
the  area  of  high  bending  moment,  was  selected  as  being  adequate  for  this 
member.  The  welded  assembly  of  cover  plates,  lower  end  fittings,  and  of 
high  bending  moment,  was  selected  as  being  adequate  for  this  member.  The 
welded  assembly  of  cover  plates,  lower  end  fittings,  and  rectangular  tubing 
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would  be  heat-treated  to  the  T-6  condition  subsequent  to  welding  to  insure 
high  bending  strength  in  the  cover  plate  area.  No  post-weld  heat  would  be 
required  for  the  attachment  of  the  column  to  the  upper  corner  fitting.  The 
double-lug  end  fitting  of  forged  6061-T6  welded  to  the  lower  end  of  the 
rectangular  tube  permits  the  bolted  attachment  of  the  column  to  the  lugs 
mounted  at  the  corners  of  the  floor  structure.  Monoball  bearings  are 
installed  in  the  floor-mounted  corner  lugs  to  minimize  the  magnitude  of 
bending  moments  that  could  be  imposed  on  the  column  due  to  floor  deflection 
or  warping. 

The  all-welded  upper  structure  is  composed  of  6061-T6  aluminum  tubing  and 
sheet,  and  forged  6066-T6  aluminum  standard  ISO  upper  corner  fittings 
(6-inch-diameter,  .094-inch-thick  tubing  is  used  for  the  upper  longitudinal 
side  member  and  the  upper  lateral  center  members;  3-3/4-inch-diameter, 
.049-inch-thick  tubing  for  the  intermediate  side  member;  and  .032-inch- 
thick  sheet  for  the  bent-up  shear  webs). 

A removable  center  jack-post  is  provided  on  each  side  to  facilitate  side 
loading  and  unloading  operations  and  is  similar  to  that  described  for  the 
HEGS-20  module. 

Diagonal  T-bar  attachment  points  are  provided  in  the  upper  corner  fittings, 
on  the  intermediate  side  member  of  the  upper  structure,  and  on  the  floor 
structure.  Upper  diagonals  similar  to  those  used  for  the  HEGS-10  and 
HEGS-20  modules  are  provided. 

Provisions  incorporated  in  the  floor  system  of  the  HEGS-Pal letized  gondola 
module  that  are  compatible  with  the  load/unload  of  the  463L  pallets  and  the 
40-inch  x 48-inch  cargo  pallets  are: 

1.  Uniformly  spaced  floor  surface  perforation  around  the 
periphery  of  the  floor  for  attaching  deck-mounted  roller 
strips. 

2.  Uniformly  spaced  holes  through  the  side  and  end  floor 
beams  for  attaching  off-loading  roller  sections  that  can 
be  used  for  unloading  cargo  from  the  gondola  floor  to 
the  surface  of  the  ground.  These  holes  are  also  used  for 
attaching  load/unload  ramps. 

Figures  11  and  12  show  a roller  system  that  is  compatible  with  the  perfora- 
ted floor  system  of  the  HEGS-Palletized  gondola  module.  The  length  of  the 
roller  strip  was  selected  as  approximately  10  feet  (the  width  of  the  floor) 
so  that  it  could  be  used  either  for  the  side  loading  of  cargo  or  for  the 
end  loading  of  cargo  by  placing  two  strips  end-to-end  to  extend  the  full 
length  of  the  20-foot-long  floor.  Several  rows  of  roller  strips  may  be 
placed  side  by  side  or  separated  as  pallet  size  and  weight  dictate.  For 
maximum  load  capacity,  it  is  desirable  to  design  the  width  of  the  roller 
strips  such  that  they  may  be  placed  side  by  side;  therefore,  the  width  of 
the  roller  strip  must  be  compatible  with  the  spacing  of  the  floor  perfora- 
tions. 
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Figure  11.  Ganged  roller  assembly. 


Figure  12.  Roller  assembly  retention 


Structure  supporting  the  individual  rollers  is  composed  of  two  angle-shaped 
sections  riveted  together  to  form  a channel  section.  The  rollers  are  hol- 
low, low-cost,  lightweight  components  formed  by  rotary  swaging  round  tubes 
into  the  configuration  shown. 

The  roller  strip  i ; attached  to  the  gondola  floor  by  the  use  of  two  shear 
plugs  and  two  J-bolts.  The  hollow  shear  plugs,  approximately  2-1/4  inches 
in  diameter,  are  welded  to  the  bottom  of  the  roller  support  structure  near 
the  ends  of  the  strip,  and  their  spacing  is  compatible  with  the  perimeter 
floor  perforations.  The  shear  plugs  are  inserted  in  the  floor  perforations 
to  maintain  the  proper  orientation  of  the  roller  assembly  to  the  floor  and 
to  resist  horizontally  applied  loads.  J-bolts,  inserted  through  the  bottom 
of  the  roller  support  structure  adjacent  to  the  inner  edge  of  the  shear 
plugs,  form  a means  for  preventing  the  roller  assembly  from  lifting  verti- 
cally off  the  floor  surface. 

The  use  of  rollers  to  facilitate  the  loading  and  unloading  of  smooth,  flat, 
conti nuous- bottomed  pallets  such  as  the  463L  has  been  shown  to  be  a viable 
cargo  handling  system.  Difficulties  can  arise,  however,  in  using  a roller 
system  to  move  pallets  having  discontinuous  bottom  surfaces  such  as  the 
slat-bottomed  wood  pallets.  Hang-ups  can  occur  when  a pallet  slat  rolls 
off  a roller  end  or  a slat  breaks  due  to  a highly  concentrated  roller  load. 
In  general,  the  size,  shape,  and  design  of  the  wood  pallets  are  not  stan- 
dardizeo  but  are  tailored  to  accommodate  the  specific  requirements  of  the 
cargo  being  carried.  For  those  cases  where  mixed  cargo  is  being  transported 
by  a gondola,  the  placement  of  rollers  to  effectively  accommodate  the  var- 
ious pallet  sizes  would  require  that  rollers  be  closely  spaced  over  the 
entire  surface  of  the  floor.  This  procedure  would  not  be  cost  or  weight 
effective  and,  in  all  probability,  would  not  eliminate  the  occurrence  of 
pallet  hang-ups.  One  possible  solution  to  this  problem  is  to  place  flat 
sheets  of  expendable  material  such  as  plywood  or  fiberboard  between  the 
rollers  and  the  pallet  to  distribute  the  pallet  load  more  evenly  over  a 
greater  number  of  rollers.  The  thickness,  strength,  and  stiffness  of  these 
sheets  must  be  selected  on  the  basis  of  roller  spacing  and  pallet  bottom 
surface  design  to  prevent  the  failure  of  the  sheets. 

Strips  of  low  friction  plastic  material,  such  as  rulon,  nylon,  delrin,  or 
Teflon,  could  be  used  in  lieu  of  a roller  system  for  off-loading  pallets 
provided  sufficient  manpower  and/or  power  equipment  were  available  to  drag 
or  push  the  pallets  off  the  gondola  floor.  Shear  plugs  that  match  the  per- 
imeter floor  perforations  could  be  mol.,d  integral  with  these  strips  to 
resist  horizontal  loads;  and  J-bolts,  as  used  with  the  roller  system  shown 
in  Figure  12,  could  be  used  to  resist  upward  loads. 


ALTERNATE  MATERIALS  AND  CONCEPTS 


During  the  evolvement  of  the  preferred  gondola  concepts,  several  alterna- 
tive materials  and  structural  configurations  were  considered  and  judged  to 
be  less  beneficial  than  the  preferred  concepts.  This  section  presents  the 
rationale  for  such  judgements.  In  general,  the  advantages  of  the  preferred 
concepts  were  substantial  and  the  selection  clearcut. 

MATERIALS 


Reference  3 presents  an  evaluation  of  materials  and  methods  of  construction 
for  gondolas.  Their  conclusion  was: 

"From  this  material  evaluation,  the  two  candidates  which  offer 
the  greatest  potential  are  aluminum  and  steel.  Therefore, 
judicious  use  of  these  materials  should  be  considered  for  the 
framing  members  as  a minimum.  Joints  and  connections  to  mini- 
mize bulk  may  of  necessity  utilize  steel  members  and  continu- 
ous members  utilize  aluminum." 

This  conclusion  has  been  borne  out  by  the  present  study  with  one  major 
exception:  the  use  of  Kevlar  cables  for  the  diaqonal  members. 

The  earlier  study  reached  its  conclusion  on  the  basis  of  general  compari- 
sons of  relative  impact  resistance,  ease  of  joining,  strength-to-weight 
ratios,  and  relative  cost-to-strength  ratios.  In  the  present  study, 
advanced  configuration  designs  have  been  developed  to  a greater  extent 
which  allowed  specific  costs  and  weights  to  be  identified  for  a family  of 
gondolas.  It  has  been  found  that  the  costs  and  weights  are  low  and  attrac- 
tive. For  example,  the  empty  weight  of  the  HEGS-10,  HEGS-20  and  HEGS- 
Palletized  gondolas  is  only  8%,  5%,  and  6%,  respectively,  of  the  loaded 
gondola  gross  weights,  and  the  price  to  the  Army  for  such  gondolas  will  be 
less  than  $5.00  per  pound  of  gondola  structure. 

The  objective  of  this  program  was  to  develop  low-cost  designs  which  had  the 
highest  benefit-cost  ratio  to  the  Army.  In  simplified  terms,  benefit  can 
be  defined  as  net  payload  carried  per  trip.  In  general,  this  has  meant 
that  the  designs  use  simple  components  which  require  almost  no  machining  or 
heat- treatment  to  enable  inexpensive  fabrication.  For  example,  members 
typically  are  of  constant  cross  section  to  reduce  fabrication  costs.  If 
tapered  members  were  used,  the  weight  of  the  gondolas  could  be  reduced;  how 
ever,  such  weight  benefits  would  significantly  increase  costs  and  be  less 


3.  Weber,  C.,  and  Young,  R.,  DESIGN  CONCEPTS  FOR  HELICOPTER  PALLETS  AND 
GONDOLAS,  Parsons  of  California,  USAAMRDL-TR-74-91 , Eustis  Director- 
ate, U.  S.  Army  Air  Mobility  Research  and  Development  Laboratory, 
Fort  Eustis,  Virginia,  November  1974,  AD004013. 


41 


desirable.  At  their  present  weights  (5%  to  8 % of  gross)  decreases  in 
structural  weight  of  the  gondolas  provide  little  benefit  in  terms  of  per- 
centage increase  in  payload  weight.  For  example,  even  if  the  weight  of  the 
gondola  were  halved,  the  payload  would  increase  by  only  4.3%  and  2.6%, 
respectively,  for  the  HEGS-10  and  HEGS-20.  Thus,  the  most  effective  way  to 
increase  the  benefit-cost  ratio  is  to  reduce  cost. 

Such  benefit-cost  considerations  made  it  difficult  for  composites  of  fila- 
ments and  resins  to  find  a role  in  the  construction  of  the  gondola.  In 
comparison  to  filamentary  reinforced  composites,  the  aluminum  alloys 
selected  for  the  preferred  designs  have  the  following  advantages: 

1.  Lower  cost  and  weight  in  their  attachments,  which  are 
made  by  welding 

2.  Lower  material  cost,  approximately  $1.00  per  pound  for 

aluminum  ■*. 

3.  Higher  toleranco  to  severe  impact  damage  and  easier  repair- 

ability  by  welding  ' 

4.  Higher  abrasion  resistance 

5.  Higher  environmental  resistance. 

The  carbon/graphite  reinforced  composites  offer  both  higher  strength  and 
stiffness  per  pound  than  aluminum,  and  thus,  an  opportunity  to  achieve 
lower  structural  weight;  carbon/graphite  structures,  however,  would  be 
expensive.  The  present  price  for  the  raw  materials  is  about  $30  per  pound 
for  carbon/graphite  filaments  and  about  $40  per  pound  for  carbon/graphite- 
epoxy  prepregs.  Even  with  simple,  easily  fabricated  designs,  the  corres- 
ponding price  to  the  Army  for  a finished  gondola  component  will  exceed  $70 
per  pound  of  carbon/graphite  used,  which  is  more  than  15  times  the  average 
cost  per  pound  of  the  preferred  concepts.  Because  of  these  higher  costs, 
in  the  present  study  no  design  using  carbon/graphite  composites  was  con- 
ceived that  could  justify  their  use  in  gondolas.  In  addition  to  high  cost, 
carbon/graphite-resin  composites  would  require  special  protection  against 
impact  damage  that  must  be  expected  in  the  rough  transportation  environment 
in  which  the  gondola  operates.  A scheme  for  providing  this  protection  by 
bonding  the  graphite  to  the  inside  of  metal  tubes  is  described  later  in 
this  section.  Such  hybrid  configurations  are  promising  candidates  for 
future  investigation  if  carbon/graphite  becomes  available  at  greatly 
reduced  prices. 

Glass  reinforced  composites  are  available  at  prices  that  are  competitive 
with  aluminum.  Typical  present  prices  for  the  raw  materials  are  $1.50  per 
pound  for  glass  filaments  and  $3.00  per  pound  for  glass-epoxy  prepregs. 
However,  the  fabrication  and  attachment  of  gondola  components  made  from 
glass  composites  would  be  more  costly  than  the  extruding,  forging,  and 
welding  that  can  be  used  for  aluminum.  The  price  to  the  Army  for  finished 
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glass-filament  components  would  be  several  times  that  of  the  preferred 
aluminum  gondolas.  In  addition,  in  the  present  study  no  configuration  was 
identified  that  would  provide  weight  saving  benefits. 

The  following  list  (from  Reference  4)  reviews  and  summarizes  the  composite 
materials,  matrix  characteristics,  and  fabrication  methods  that  were  con- 
sidered for  use  in  the  gondola  program  but  were  adjudged  to  be  less  accept- 
able than  welded  aluminum  on  the  basis  of  material  and/or  fabrication  costs, 
damage  resistance,  repairability/maintainabil ity  requirements,  and  wear 
resistance. 

Fiber  Characteristics 


• E-glass  is  the  lowest  cost  fiber  reviewed.  In  comparison 
to  other  fibers,  it  has  moderate  strength,  low  modulus, 
high  density,  good  inherent  damage  tolerance,  and  moderate 
fatigue  characteristics. 

• S-glass  is  a relatively  low  cost  material,  approximately 
2-1/2  times  the  cost  of  E-glass.  The  modulus  of  elasti- 
city, static  strength,  and  fatigue  strength  are  higher,  and 
the  density  is  slightly  lower  than  that  of  E-glass.  Damage 
tolerance  and  crack  propagation  properties  are  good. 

• Kevlar  29  is  a moderate  cost  material  at  seven  to  eight 
times  that  of  E-glass.  The  modulus  of  elasticity  is  simi- 
lar to  S-glass,  but  the  density  is  lower  than  either  E- 
glass  or  S-glass.  Although  tensile  strengths  are  moder- 
ately high,  compressive  strengths  are  low.  Fatigue  prop- 
erties are  undocumented.  Damage  tolerance  and  crack  prop- 
agation rates  are  similar  to  those  of  glass  composites. 

• Kevlar  49  is  a moderate  cost  material  at  eight  to  nine 
times  the  cost  of  E-glass.  The  modulus  of  elasticity  is 
higher  than  that  of  Kevlar  29  and  the  density  is  low, 
yielding  a favorable  stiffness/weight  ratio.  Tensile 
strength  is  moderate,  but  compressive  strength  is  low. 
Damage  tolerance  and  crack  propagation  characteristics  are 
slightly  lower  than  those  of  glass  composites.  Fatigue 
strength  is  higher  than  that  of  glass  composites. 

• Moderate  modulus  graphite  is  moderately  high  in  cost  at 
about  30  times  E-glass.  The  modulus  of  elasticity  is 
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about  three  times  that  of  S-glass  and  50%  greater  than 
that  of  Kevlar  49.  The  material  has  substantially  lower 
damage  tolerance  and  crack  propagation  characteristics 
than  glass  composites.  Tensile  strength  is  moderate,  and 
fatigue  strength  is  substantially  greater  than  that  of 
glass  composites  or  Kevlar. 

• High  modulus  graphite  is  high  in  cost  and  has  a high 
modulus  of  elasticity.  Tensile  strength  is  low,  but 
fatigue  strength  is  high  compared  to  glass  composites. 
Damage  tolerance  is  poor. 

• Boron  is  expensive,  about  200  times  the  cost  of  E-glass. 
It  has  a high  modulus  of  elasticity  and  high  compressive 
strength. 

Matrix  Characteristics 


• Epoxy  matrices  have  long  been  used  in  aircraft  quality 
structures.  The  processing  characteristics,  environmental 
response,  and  fatigue  performance  are  well  documented  and, 
at  present,  they  are  the  preferred  matrix  for  structural 
applications  where  high  strength  and  relibility  are 
required. 

• Polyester  resin  matrix  fiberglass  composites  have  been 
used  extensively  in  commercial  applications  and  in  some 
nonstructural  aircraft  components,  such  as  fairings. 

Their  chief  drawback  is  that  their  fiber/resin  bonding 
strength,  and  thus  their  fatigue  strengths,  are  lower 
than  the  epoxy  matrices.  Raw  material  costs  are  somewhat 
lower  than  the  epoxies,  and  fabrication  characteristics 
are  better  suited  for  the  pultrusion  processes. 

• Polysulfone  thermoplastic  matrices  offer  promise  of  low- 
cost  composite-fabrication  for  some  structural  configura- 
tions. Material  fabrication  characteristics  are  similar 
to  epoxy  prepregs.  Polysulfone  thermoplastics  are  used 
most  advantageously  in  the  making  of  formed  parts  from 
reinforced  sheets.  At  this  time,  material  properties  have 
not  been  adequately  defined  to  permit  their  use  in  high 
strength  structural  applications  without  a major  material 
test  program  being  conducted. 

Fabrication  Methods 


• Filament  winding  is  a proven,  automated  method  for  fabri- 
cating tubular  structures.  Low-cost  raw  materials  such 
as  basic  fiber  and  resin  are  used. 


• Braiding  is  promising  as  a high  laydown  rate,  low-cost 
method  of  fabrication.  Available  equipment  limits  the 
circumference/fiber  orientation  obtainable.  Braiding 
appears  suitable  for  producing  tubular  members  such  as 
those  used  for  gondola  columns  and  upper  structure.  Unknown 
component  structural  properties  pose  a risk  for  production 
programs.  Braiding  appears  worthy  of  further  study  and 
development. 

• Pultrusion  is  attractive  as  a low-cost  method  for  producing 
structural  shapes,  including  tubular  members.  The  present 
state  of  the  art  imposes  restrictions  on  the  section  thick- 
ness, shapes,  and  fiber  orientation  attainable.  Most  pul- 
trusion experience  has  been  gained  using  polyester  resins. 
The  use  of  epoxy  matrices  in  the  pultrusion  process  poses 
risks. 

• Prepreg  layup  is  the  conventional,  low-risk  method  of  com- 
posite manufacture.  It  appears  incompatible  with  the  low- 
cost  goals  established  for  the  gondola  program. 

FLOOR  CONCEPTS 


Alternate  concepts  considered  as  possible  gondola  floor  candidates  were 
four  sandwich  plate  floor  configurations  and  one  grated  plate  floor  system, 
which  are  shown  in  Figures  13  and  14  and  are  described  as  follows: 


Figure  13. 


Sandwich  plate  floor  system. 


Extrusions  which 
form  grating  after 
punching  hole 
pattern 


Floor  beams 


Figure  14.  Grated  plate  floor  system. 


Sandwich  Plate  Floor  Systems  for  the  HEGS-10  Module  - The  sand- 
wich floor  systems  consist  of  upper  and  lower  face  sheets  sepa- 
rated by  lightweight  aluminum  honeycomb  core.  End  and  side 
framing  members  were  used  to  reinforce  the  perimeter  of  the 
floor  and  to  provide  a means  for  attaching  the  lower  ISO  corner 
fittings  to  the  structure.  Variations  in  face  sheet  thickness, 
material  and  separation  were  considered  in  the  study.  The 
basic  parameters  of  the  four  configurations  investigated  were: 


Configuration  A: 


1. 

Depth  of  floor 

2.5  inches 

2. 

Core 

Aluminum  honeycomb  1/8-5056-.0007, 
3.1  pounds  per  cubic  foot 

3. 

Upper  and  lower 
face  sheets 

.063-inch-thick  6061-T6  aluminum 

Configuration  B: 

1. 

Depth  of  floor 

4:5  inches 

2. 

Core 

Aluminum  honeycomb  1/8-5056-.0007, 
3.1  pounds  per  cubic  foot 

3. 

Upper  face  sheet 

.100-inch-thick  6061-T6  aluminum 

4. 

Lower  face  sheet 

.0225-inch-thick  6061-T6  aluminum 
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Configuration  C: 


1. 

Depth  of  floor 

4.5  inches 

2. 

Core 

Aluminum  honeycomb  1/8-5056-.0007 
3.1  pounds  per  cubic  foot 

3. 

Upper  face  sheet 

.063-inch-thick  6061-T6  aluminum 

4. 

Lower  face  sheet 

.035-inch-thick  6061-T6  aluminum 

Configuration  D: 

1. 

Depth  of  floor 

4.5  inches 

2. 

Core 

Aluminum  honeycomb  1/8-5056-. 0007 
3.1  pounds  per  cubic  foot 

3. 

Upper  face  sheet 

. 063-inch-thick  6061-T6  aluminum 

4. 

Lower  face  sheet 

.036-inch-thick  181  style  glass 
composite 

Grated  Floor  System 

Extruded  aluminum  grated  sections  are  attached  to  the  upper 
surfaces  of  the  longitudinally  oriented  floor  beams  to  form 
the  deck  surface  of  the  grated  floor  system.  Lower  ISO  corner 
fittings  are  attached  to  the  floor  beam  structure  by  welding. 
Components  making  up  the  floor  structure  are: 

1.  Grating  1.0-inch-thick  x 2.2  pounds  per 

square  foot  6061 -T6  aluminum 

2.  Floor  beams  5456-H1 1 1 aluminum  extrusions 

As  shown  in  Table  4,  the  weights  of  the  sandwich  plate  floor 
configurations  (excluding  the  weight  of  the  four  lower  ISO 
corner  fittings)  are  competitive  with  the  weight  of  the  per- 
forated orthotropic  floor  system.  The  perforated  orthotropic 
floor  system,  however,  was  selected  as  the  preferred  floor 
design  for  the  following  reasons: 

1.  Aerodynamic  stability  requirements  rule  out  the  use  of  the 
solid  surface  of  the  sandwich  plate  floor  configurations. 

2.  The  relatively  thin  solid  face  sheets  of  the  sandwich  plate 
floor  configurations  are  more  damage  prone  and  are  much 
more  difficult  to  repair. 
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TABLE  4.  WEIGHT  COMPARISON  OF  ALTERNATE  FLOOR  SYSTEMS 

FOR  THE  HEGS-10  MODULE 

■ 

FLOOR  SYSTEM 

WEIGHT,  EXCLUDING 

CORNER  FITTINGS 
(POUNDS) 

Perforated  Orthotropic 

Plate  Deck 

392 

Sandwich  Plate  Floor  Systems 

Configuration  A 

375 

Configuration  B 

407 

Configuration  C 

383 

Configuration  D 

373 

Grating  Plate  Floor  Structure 

552 

3.  Undetectable  core  corrosion  due  to  entrapped  moisture  can 
reduce  the  strength  capabilities  of  sandwich  plate  struc- 
ture. 

4.  The  local  overload  capacity  of  the  perforated  orthotropic 
plate  floor  system  is  superior  to  that  of  the  sandwich 
plate  floor  configuration  which  can  fail  by  core  crushing 
and  face  sheet-to-core  delamination. 

The  perforated  orthotropic  plate  floor  system  was  selected  over  the  grated 
floor  system  because  conventional  grating  supported  by  an  under-structure 
of  floor  beams  is  considerably  heavier  than  the  perforated  orthotropic 
floor  system,  and  it  does  not  possess  the  omnidirectional  strength  that  is 
desirable  for  dragging  heavy  loads  across  the  surface. 

TUBE  CONCEPTS 


Aluminum  tubing  was  used  for  the  columns  and  the  upper  structure  of  the 
three  preferred  gondola  module  concepts  because  of  its  low  cost,  ease  of 
fabrication,  and  high  impact  resistance.  In  many  of  the  tubes  analyzed  in 
Appendix  A,  the  section  properties,  and  thus  the  weight,  were  dictated  by 
buckling  considerations.  An  alternate  concept,  designed  to  reduce  the 
buckling  criticality  and  also  the  weight,  utilized  a thin-walled  aluminum 
tube  reinforced  in  the  buckling  area  by  an  inner  sleeve  of  carbon/graphite. 
The  tube  ends  were  also  locally  reinforced  by  welding  thicker  aluminum 
rings  to  each  end  of  the  tube  to  provide  adequate  strength  after  welding  of 
the  lug  fittings  to  the  tube  without  post-weld  heat- treatment. 


Figure  15  presents  the  basic  details  of  this  configuration,  and  Appendix  A 
presents  the  structural  analysis  of  an  aluminum-carbon/graphite  tube  sized 
for  the  HEGS-20  corner  column.  The  results  of  this  analysis  indicate  that 
the  weight  of  the  tubular  portion  of  the  column  could  be  reduced  from  11.6 
pounds  for  the  preferred  all-aluminum  tube  to  6.5  pounds  for  the  aluminum- 
carbon/graphite  tube,  thus  providing  a weight  savings  of  5.1  pounds  per 
column  or  20.4  pounds  per  module.  This  weight  savings  would  be  approxi- 
mately .08%  of  the  design  operating  gross  weight  of  the  HEGS-20  module. 

The  fully  burdened  costs  for  the  tubular  portion  of  the  all -aluminum  pre- 
ferred column  and  the  aluminum-carbon/graphite  hybrid  column  are  $15,50  and 
$117.80,  respectively,  per  column.  Thus,  the  cost  penalty  is  $102.30  per 
column  and  $409.20  per  module,  which  increases  the  total  cost  of  the  gon- 
dola by  7.5%.  The  corresponding  benefit  is  an  increase  in  cargo  capbility 
of  20.4  pounds,  only  .08%. 

The  relatively  high  cost  penalty  (7.5%)  weighed  against  the  possible 
increase  in  payload  (.08%),  as  well  as  the  difficulty  and  cost  involved  in 
repairing  a damaged  or  delaminated  aluminum-carbon/graphite  column,  were 
factors  considered  in  selecting  the  all -aluminum  tube  concept  over  the 
aluminum-carbon/graphite  tube  concept.  Braided  and  pultruded  composite 
tubes  were  also  considered  for  use  in  the  columns  and  upper  frame  struc- 
ture. Figure  15  shows  a column  concept  that  uses  a braided  tube.  The 
optimum  material  for  such  columns  would  be  a hybrid  of  glass  and  graphite. 
The  glass  would  contribute  the  impact  resistance  and  local  crippling 
strength;  the  graphite,  the  longitudinal  stiffness  to  increase  column 
strength.  The  major  technical  obstacle  to  such  concepts  is  the  high  cost 
of  fabricating  and  assembling  reliable  joints  at  the  end  fittings  which 
must  transfer  both  tension  and  compression  loads.  The  preferred  concept, 
which  uses  simple  welding  for  these  joints,  provides  complete  column  assem- 
blies like  those  shown  in  Figure  15  at  low  fully  burdened  prices,  $5  to 
$11  per  pound.  It  is  expected  that  composite  tube  assemblies  with  reli- 
able joints  would  cost  10  times  more  and  could  provide  no  commensurate 
benefits  for  gondola  applications. 

DIAGONAL  CONCEPTS 


Four  diagonal  concepts  were  considered: 

1.  Concept  I consists  of  flexible  Kevlar  cables  having  eye 
loops  at  each  end.  An  adjustable  fitting  is  attached  to 
one  eye  loop  and  a nonadjustable  fitting  to  the  other. 
Figures  2,  7,  and  10  show  this  concept  using  T-bar  end 
fittings  for  attaching  the  diagonal  assembly  to  the  cor- 
ner fittings.  The  use  of  pin-clevis  end  fittings  for 
making  this  attachment  was  also  considered  but  was 
rejected  because  of  the  vulnerability  of  the  pin  to  loss 
or  damage. 
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2.  Concept  II  is  similar  to  Concept  I,  but  semirigid  steel 
cable  is  used  in  place  of  the  Kevlar  cable. 

3.  Concept  III  consists  of  a rigid  necked-down  steel  rod 
threaded  on  one  end  to  receive  the  adjustable  fitting  and 
welded  to  a nonadjustable  T-bar  fitting  at  the  other  end, 
as  shown  in  Figure  16. 


Figure  16.  Steel  rod  diagonal  concept. 

4.  Concept  IV  considered  the  use  of  a rigid  thin-walled  alumi- 
num tube  to  which  steel  end  fittings  were  swaged  to  accommo- 
date the  adjustable  and  nonadjustable  end  fittings  as  shown 
in  Figure  17. 


' Figure  17.  Aluminum  tube  diagonal  concept. 
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Table  5 presents  a weight  comparison  of  the  Kevlar  cable,  steel  cable, 
steel  rod,  and  aluminum  tube  portion  of  the  diagonal  assembly.  The  weight 
per  foot  of  cable,  rod,  or  tube  required  to  resist  an  ultimate  load  of  32.8 
kips  (maximum  ultimate  diagonal  load  for  the  HEGS-20)  is  shown,  as  well  as 
the  relative  weights  of  the  steel  cable,  steel  rod,  and  aluminum  tube  com- 
pared to  the  weight  of  the  Kev.ar  cable. 


TABLE  5.  WEIGHT  COMPARISONS 

FOR  DIAGONAL  CONCEPTS 

CONCEPT 

NUMBER 

CONCEPT 

WEIGHT 
(LBS/ FT) 

RELATIVE 

WEIGHT 

1 

Kevlar  Cable 

(Ult.  Str.  = 41  kips) 

.214 

1.00 

2 

Steel  Cable 

(Ult.  Str.  = 35  kips) 

.820 

3.83 

3 

Steel  Rod 

(Ult.  Str.  = 160  ksi) 

.841 

3.93 

4 

Aluminum  Tube 

(Ult.  Str.  = 58  ksi) 

.906 

4.23 

Factors  influencing  the  decision  to  select  the  Kevlar  cable  as  the  pre- 
ferred diagonal  concept  included: 

1.  Damage  Susceptibility.  The  relatively  high  flexibility  of 
the  Kevlar  cable  reduces  its  susceptibility  to  handling  dam- 
age such  as  could  be  caused  by  vehicular  traffic  or  by 
dropped  cargo.  Only  minor  kinks  or  deformations  would  be 
suffered  by  the  Kevlar  cable,  as  compared  to  the  extensive 
damage  that  could  be  inflicted  on  the  semirigid  steel 
cable  or  the  rigid  steel  rod  or  aluminum  tube.  Large  perma- 
nent deformations,  which  could  result  in  reducing  the  lengths 
of  the  diagonals,  may  prevent  their  installation  on  a gondola 
module. 

2.  Storage.  The  flexibility  of  the  Kevlar  cable  permits  it  to 
be  wrapped  around  the  columns  or  upper  structure,  out  of  the 
way,  during  cargo  handling  operations.  Stiff  cables,  rods, 
or  tubes  would  require  complete  removal  from  the  gondola 
module  and,  if  placed  on  the  ground,  would  be  exposed  to 
possible  damage. 

3.  Weight.  The  weight  of  the  Kevlar  cable  is  approximately 
25%  the  weight  of  the  steel  cable,  steel  rod,  or  aluminum 
tube. 
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CONCLUSIONS 


1.  The  new  gondolas  are  structurally  efficient,  readily  producible, 
and  operationally  suitable. 

2.  The  gondola  weight  is  a small  fraction  of  the  loaded  gross  weight. 

The  gondola  weight,  loaded  gross  weight,  and  gondola  weight  as  a 
percentage  of  the  loaded  gross  weight  are: 

HEGS-10  602.2  pounds,  8,000  pounds,  7.5% 

HEGS-20  1,308.3  pounds,  25,000  pounds,  5.2% 

HEGS-Palletized  1,602.9  pounds,  25,000  pounds,  6.4% 

3.  The  use  of  low-cost  materials,  structurally  efficient  configurations, 
and  low-cost  fabrication  techniques  contribute  to  the  following  low 
initial  acquisition  prices: 

HEGS-10  $2,971.24  per  gondola 

HEGS-20  $5,427.27  per  gondola 

HEGS-Palletized  $6,962.90  per  gondola 

The  above  prices  include  all  recurring  costs,  all  overheads,  and  a 
10%  profit. 

4.  The  operational  suitability  of  the  gondolas  is  fostered  by  the  fol- 
lowing characteristics  of  the  new  designs:  good  aerodynamic  sta- 
bility, high  impact  resistance,  high  wear  resistance,  high  environ- 
mental stability,  ease  of  repairabil ity  and  maintainability,  rapid 
load  and  unload  capability,  multipurpose  versatility,  compatibility 
with  Army  cargo  and  utility  helicopters,  and  compatibility  with 
automated  lifting  devices  and  ground  transport  equipment. 

5.  The  preferred  constructions  and  materials  for  the  major  components 
are: 


Floor 


Columns 


Upper  Frame 


Perforated,  orthotropic  plate  deck  of 
5456  aluminum  alloy,  welded 

Tubing  and  forgings  of  6061 -T6  and 
6066-T6  aluminum  alloys,  welded 

Tubing  of  6061-T6  aluminum  alloy, 
welded 


Corner  Fittings  Forgings  of  6066-T6  aluminum  alloy, 

welded 
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Adjustable  Fittings  Forgings  of  17-4PH  corrosion-resis- 
tant steel  and  naval  brass 

Diagonals  Eyed  cables  of  Kevlar 

6.  At  the  present  low  structural  weight  of  the  gondolas  (5.2%  to  7.5% 
of  the  loaded  gross  weight),  decreases  in  structural  weight  provide 
marginally  small  benefit  in  terms  of  increased  payload  weight.  Thus, 
the  most  effective  way  to  increase  the  benefit-cost  ratio  is  to 
reduce  cost. 


RECOMMENDATIONS 


' 


It  is  recommended  that  the  development  of  the  gondola  concept  be  continued 
in  the  following  steps: 

1.  Perform  a detailed  design  and  prepare  fabrication  drawings 
for  one  or  more  of  the  three  preferred  gondola  configura- 
tions (HEGS-10,  HE6S-20,  or  HEGS-Pal leti zed) . Selection 
of  configuration  should  be  governed  by  Army  operational 
requirements  and  budgetary  constraints. 

2.  Perform  laboratory  tests  to  assist  in  development  of  opti- 
mal components.  Candidates  for  such  test  development 
include: 

a.  End  loop  of  the  Kevlar  diagonals 

b.  Corner  fittings 

c.  The  pattern  of  holes  in  the  deck  floor. 

3.  Fabricate  several  gondolas  for  testing. 

4.  Perform  laboratory  testing  to  demonstrate  structural 
integrity  of  the  gondola  assembly. 

5.  Perform  in-field  service  testing  and  user  validation. 


6.  Perform  wind  tunnel  testing  and  analysis  to  complement  and 
supplement  in-field  service  evaluations  of  aerodynamic 
stability  boundaries. 
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APPENDIX  A 

STRUCTURAL  ANALYSIS 


SUMMARY 


) 


i 

I 


The  structural  analysis  is  summarized  on  Table  A-l,  which  presents  minimum 
margins  of  safety  for  the  individual  members  making  up  the  structure  for 
the  HEGS-10,  HEGS-20,  and  HEGS-Pal letized  gondola  modules.  The  margin  of 
.....  uc  _ Allowable  Stress  or  Load  , 
safety  is  defined  as:  MS  - ActTaT  Stress  or  Load  ' '• 


TABLE  A-l . MINIMUM  MARGINS  OF  SAFETY 

GONDOLA 

MODULE 

MEMBER 

CRITICAL 

AREA 

TYPE  OF 
STRESS 

MARGIN 

OF 

SAFETY 

HEGS-10 

Floor 

Edge  Beam 

Yield  Ten. 

.01 

Columns 

Tube  Ends 

Ult.  Ten. 

.14 

Column  Bolts 

Bolt  Shank 

Ult.  Bend. 

.43 

Corner  Fitting  Lug 

Bolt  Hole 

Ult.  Bear. 

3.88 

Upper  Sides 

Tube  Center 

Ult.  Buck. 

.49 

Upper  Ends 

Tube  Center 

Ult.  Buck. 

.38 

Diagonal  Cable 

Side  Diagonal 

Ult.  Ten. 

.07 

HEGS-20 

Floor 

Center  Beam 

Yield  Ten. 

.05 

End  Columns 

Tube  Center 

Ult.  Buck. 

.06 

Column  Bolts 

Bolt  Shank 

Ult.  Bend. 

.21 

Corner  Fitting  Lug 

Bolt  Hole 

Ult.  Bear. 

1.81 

Center  Column 

Tube  Center 

Ult.  Buck. 

.15 

Upper  Side 

Tube  Center 

Ult.  Comp. 

.13 

Upper  End 

Tube  Ends 

Ult.  Comp. 

.64 

Diagonal  Cable 

End  Diagonals 

Ult.  Ten. 

.26 

HEGS- 

Floor 

1 /4-Span  Beam 

Yield  Ten. 

.04 

Palletized 

Corner  Columns 

Tube  Center 

Ult.  Bend. 

.06 

Column  Bolts 

Bolt  Shank 

Ult.  Bend. 

.21 

Corner  Fitting  Lug 

Bolt  Hole 

Ult.  Bear. 

1.81 

Center  Column 

Tube  Center 

Ult.  Buck. 

.13 

Upper  Side 

Tube  Center 

Ult.  Comp. 

.13 

Upper  End 

Tube  End 

Ult.  Comp. 

.64 

Intermediate  Side 

Tube  End 

Ult.  Comp. 

.22 

Shear  Web 

Center  Sheet 

Ult.  Buck. 

1.65 

Diagonal  Cable 

Side  Diagonal 

Ult.  Ten. 

.47 
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INTRODUCTION 


The  loads  and  stresses  acting  on  the  three  preferred  cable-truss  gondola 
module  configurations  were  determined  by  the  use  of  several  analytical 
methods  to  insure  that  the  selected  designs  would  be  structurally  efficient 
and  adequate. 

NASTRAN  analyses  were  used  in  designing  the  floor  structure  of  each  config- 
uration. These  analyses  involved  the  iteration  of  several  selected  designs 
to  arrive  at  an  optimized  structure  having  approximately  equal  margins  of 
safety  throughout  the  floor  system.  Component  loads,  stresses,  margins  of 
safety,  and  structure  deformations  are  obtained  as  output  from  these  pro- 
grams. 

A three-dimensional  finite  element  computer  program  was  used  to  determine 
the  loads  acting  on  the  components  of  the  superstructure  of  the  gondola 
for  the  single-point  and  for  the  two-point  suspension  conditions.  Component 
loads  for  the  racking  and  stacking  conditions  were  obtained  using  the  con- 
ventional idealizations  for  analyzing  cargo  containers.  The  individual 
components  of  the  superstructure  were  sized  for  the  highest  of  the  suspen- 
sion, racking,  or  stacking  conditions. 


MATERIAL  PROPERTIES 


This  section  lists  the  material  properties  used  in  the  structural  analysis. 
1.  6061 -T6  Aluminum  Alloy  (Reference  5) 

TUBING  AND  PLATE  FORGINGS 


BASIC 

AS  WELDED 

BASIC 

AS  WELDED 

Ftu 

(ksi) 

42 

24 

38 

24 

Fcu 

(ksi) 

42 

24 

38 

24 

Fty 

(ksi) 

35 

20 

35 

20 

Fcy 

(ksi) 

35 

20 

36 

20 

Fsu 

(ksi) 

27 

15 

25 

15 

Fsy 

(ksi) 

20 

12 

20 

12 

Fbru 

(ksi) 

88 

50 

61  - 76 

50 

Fbry 

(ksi) 

56 

30 

54  - 61 

30 

E 

(ksi) 

10100 

10100 

9 . 3 

10100 

5456  Aluminum  Alloy  (Reference  5) 

Hill 

EXTRUSIONS 

HI  16  PLATE 

BASIC 

AS  WELDED 

BASIC 

AS  WELDED 

Ftu 

(ksi) 

42 

41 

46 

42 

Fcu 

(ksi) 

42 

41 

46 

42 

Fty 

(ksi) 

26 

24 

33 

26 

Fcy 

(ksi) 

22 

22 

27 

24 

hi 

(ksi) 

25 

24 

27 

25 

Fsy 

(ksi) 

15 

14 

19 

25 

Fbru 

(ksi) 

82 

82 

87 

84 

Fbry 

(ksi) 

44 

38 

56 

38 

E 

(ksi) 

10400 

10400 

10400 

10400 

V.  SECTION  1 SPECIFICATION  FOR  ALUMINUM  STRUCTURES,  The  Aluminum  Associ- 
ation, Inc.,  750  Third  Avenue,  New  York,  New  York. 
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3.  6066-T6  Aluminum  Alloy  (Reference  6) 


Ftu 

(ksi) 

BASIC 

58 

Fty 

(ksi) 

52 

Fcy 

Fsu 

(ksi) 

52 

(ksi) 

34 

Fbry 

(ksi) 

70 

e/D  = 1.5 

Fbru 

(ksi) 

78 

e/D  = 1.5 

E 

(ksi) 

10000 

AS  MELDED 
59%  Efficiency 


4.  17-4PH  Condition  H1025  Stainless  Steel  (Reference  7) 


Ftu 

(ksi) 

155 

Fty 

(ksi) 

145 

Fsu 

(ksi) 

90 

E 

(ksi) 

28500 

Naval 

Brass  (Reference  8) 

ANNEALED 

1/2  HARD 

Ftu 

(ksi) 

57 

75 

Fty 

(ksi) 

25 

53 

Fsu 

(ksi) 

34 

45 

E 

(ksi) 

15000 

15000 

W.  Harvey  Report  No.  335,  PROPERTIES  OF  6066  ALLOY,  Harvey  Aluminum 
Sales,  Inc.,  Torrance,  California,  15  October  1959. 

7.  Military  Standardization  Handbook,  METALLIC  MATERIALS  AND  ELEMENTS 
FOR  AEROSPACE  VEHICLE  STRUCTURES,  MIL-HDBK-5B,  U.  S.  Government 
Printing  Office,  Washington,  D.  C.,  1 September  1971. 

8.  1979  MATERIALS  SELECTOR,  Materials  Engineering,  P.  0.  Box  91368, 
Cleveland,  Ohio,  December  1978. 
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6.  Kevlar  Cable  (Reference  9) 


CONSTRUCTION 

DIAMETER 

(in.) 

MINIMUM 

BREAK  STRENGTH 
(ksi) 

WEIGHT/FOOT 

(lbs) 

6 x 19 

.45 

17.5 

.048 

6 x 19 

.51 

22.0 

.072 

6 x 19 

.58 

30.0 

.095 

6 x 19 

.67 

36.0 

.115 

6 x 19 

.70 

42.0 

.135 

6 x 37 

.85 

55.0 

.186 

6 x 37 

.93 

66.0 

.223 

6 x 37 

1.00 

77.0 

.260 

7.  Thornel  300/Narmco  5209,  Carbon  Fiber  Prepreg  System  (Reference  10) 


Ftu 

(ksi) 

196 

Fcu 

(ksi) 

200 

Fsu 

(ksi) 

16.4 

E 

(ksi) 

19400 

Density 

(psi) 

.056 

Thickness/Ply 

(in.) 

.00578 

9.  Phillystran  Technical  Bulletin  No.  113C,  PHILLYSTRAN  ROPES  AND  CABLES, 
Philadelphia  Resins  Corporation,  20  Commerce  Drive,  Montgomeryville, 
Pennsylvania,  April  1977. 

10.  NARMCO  RIGIDITE  5209  CARBON  FIBER  PREPREG  SYSTEMS,  Narmco  Materials, 
Inc.,  Celanese  Corporation,  Costa  Mesa,  California,  undated. 
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DESIGN  CONDITIONS 


FLOOR 


The  floor  beams  are  designed  to  support  an  off-center  load  which  exerts 
300  psf  at  1-g.  The  centroid  of  the  load  lies  at  the  geometrical  60% 
position  of  the  floor  in  longitudinal  and  lateral  directions  as  shown  in 
Figure  A-l.  In  subsequent  descriptions,  this  is  referred  to  as  the  60/40 
floor  load  distribution  requirement. 


The  design  limit 

a.  3.2  for 

b.  2.3  for 

c . 2.3  for 


Figure  A-l.  Typical  1-g  floor  loading, 
load  factors  (Reference  11)  are: 
the  HEGS-10 
the  HEGS-20 
the  HEGS-Palletized. 


TT  Army  Regulation  AR70-47,  ENGINEERING  FOR  TRANSPORTABILITY,  APPENDIX  D, 
CRITERIA  FOR  AIR  TRANSPORT  AND  AIR  DROP,  Headquarters,  Department  of 
the  Army,  Washington,  D.  C.,  28  January  1976. 
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The  design  ultimate  load  is  1.5  times  limit  load.  The  corresponding 
design  loads  (kips)  and  load  intensities  (psf)  for  each  gondola  type  are 
shown  in  Table  A-2. 


TABLE  A-2.  FLOOR  LOADS  AND  INTENSITIES 

GONDOLA 

TYPE 

DESIGN  FLOOR  LOADS,  kips 

DESIGN  INTENS1 

TIES,  psf 

i-g 

LIMIT 

ULTIMATE 

i-g 

LIMIT 

ULTIMATE 

HEGS-10 

HEGS-20 

HEGS-Pal letized 

8.0 

25.0 

25.0 

25.6 

57.5 

57.5 

38.4 

86.3 

86.3 

300. 

300. 

300. 

960. 

690. 

690. 

1440. 

1035. 

1035. 

SUPERSTRUCTURE 


The  design  operating  gross  weights  (1-g)  are: 

1.  8000  pounds  for  HE6S-10 

2.  25000  pounds  for  HEGS-20 

3.  25000  pounds  for  HEGS-Pal letized. 

There  are  four  design  conditions  common  to  the  superstructure  of  the 
HEGS-10,  HEGS-20,  and  HEGS-Pal letized  gondola  modules  which  are  defined 
as  follows: 

1.  Single-Point  Suspension  Condition  - 

a.  Limit  lift  load  factor  for  the  HEGS-10  is  3.2. 

b.  Limit  lift  load  factor  for  the  HEGS-20  and  HEGS- 
Palletized  is  2.3. 

c.  Longitudinal  and  lateral  position  of  the  center  of 
gravity  is  located  in  accordance  with  the  60/40  floor 
load  distribution  requirement. 

d.  Vertical  center  of  gravity  is  located  at  12  inches 
and  24  inches  above  the  floor  surface. 

e.  Maximum  sling  angle  measured  from  a perpendicular  to 
the  floor  is  30°. 


2.  Two-Point  Suspension  Condition,  HEGS-10  - 


a.  Limit  lift  load  factor  is  3.2. 

b.  Longitudinal  and  lateral  center  of  gravity  is  located 
in  accordance  with  the  60/40  floor  load  distribution 
requirement. 

c.  Vertical  center  of  gravity  is  located  at  12  inches  and 
24  inches  above  the  floor  surface. 

d.  The  height  of  the  suspension  points  above  the  gondola 
is  dependent  on  the  following: 

(1)  The  distance  between  the  two  suspension  points 
is  13  feet  (CH-47D  cargo  hook  spacing). 

(2)  The  two  suspension  points  are  symmetrical  to  the 
longitudinal  centerline  of  the  gondola. 

(3)  The  plane  of  the  suspension  points  and  the  plane 
of  the  gondola  sling  attachment  points  are  parallel 
and  horizontal. 

(4)  The  maximum  sling  angle  measured  from  a perpendicular 
to  the  floor  is  30  degrees. 

e.  The  load  reaction  line  passes  through  the  forward  sus- 
pension point,  the  line  drawn  between  the  two  forward 
gondola  sling  attachment  points,  and  the  center  of 
gravity  of  the  loaded  gondola.  This  results  in  the 
total  load  being  carried  by  the  two  forward  slings. 

3.  Racking  Conditions  (Longitudinal  and  Lateral)  - A ,6-g  hori- 
zontal  limit  load  is  applied  to  an  upper  corner  fitting  in 
either  the  longitudinal  or  lateral  direction  and  is  resisted 
by  a horizontal  longitudinal  or  lateral  load  applied  at  the 
diagonally  opposite  lower  corner  fitting. located  in  the  same 
plane  as  the  applied  load. 


4.  Stacking  Condition  - This  condition  assumes  that  the  modules 
are  stacked  two-high  with  the  upper  module  applying  a 1.8-g 
downward  load  to  the  upper  corner  fittings  of  the  lower  module 
while  a 1-g  downward  load  acts  on  the  floor  of  the  lower 
module.  The  loads  correspond  to  the  60/40  floor  load  distri- 
bution requirement. 

The  design  loading  conditions  for  the  HEGS-10  are  summarized  in  Figures  A-2, 
A-3,  and  A-4.  Figure  A-3  also  establishes  the  nomenclature  for  the 
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Upper  diagonal 


Figure  A-3.  HEGS-10  .6g  racking  conditions. 


subsequent  stress  analyses  of  the  superstructure  components.  Corres- 
ponding data  are  shown  for  the  HEGS-20  in  Figures  A-5,  A-6  and  A-7  and 
for  the  HEGS-Pal letized  in  Figures  A-8,  A-9,  and  A-10. 

Tables  A-3,  A-4,  and  A-5  present  the  maximum  limit  suspension,  racking, 
and  stacking  loads  acting  on  the  individual  members  of  the  superstructure 
for  the  HEGS-10,  HEGS-20,  and  HEGS-Pal letized  modules,  respectively.  Sus- 
pension loads  were  obtained  from  the  finite  element  program,  and  racking 
and  stacking  loads  were  obtained  by  standard  analyses.  Table  A-6  presents 
a summary  of  the  maximum  tension  and  compression  loads  used  to  size  the 
individual  members  of  the  superstructures  for  the  three  gondola  module 
configurations. 


Figure  A-5.  HEGS-20  single-point  suspension  condition. 


Figure  A-8.  HEGS-Pal letized  single-point  suspension  condition. 


TABLE  A-6 . CRITICAL  SUPERSTRUCTURE  LIMIT  LOADS 


MODULE 

HEGS-10 


HEGS-20 


HEGS-Palletized 


COMPONENT 

MAXIMUM  LOAD  (kips) 

TENSION 

COMPRESSION 

Column 

8.0 

- 5.2 

Upper  side 

0 

- 5.6 

Upper  end 

0 

- 7.2 

Upper  diagonal 

1 .0 

0 

Side  diagonal 

10.3 

0 

End  diagonal 

7.0 

0 

Corner  column 

9.3 

- 16.2 

Center  column 

0 

- 6.2 

Upper  side 

0 

- 22.1 

Upper  end 

0 

- 17.0 

Upper  center  lateral 

0 

- 3.9 

Upper  diagonal 

3.2 

0 

Side  diagonal 

18.7 

0 

End  diagonal 

21 .9 

0 

Corner  column 

9.3 

- 16.2 

Center  column 

0 

- 6.2 

Upper  side 

0 

- 22.1 

Upper  end 

0 

- 17.0 

Upper  center  lateral 

0 

- 3.9 

Intermediate  side 

0 

- 7.5 

Upper  diagonal 

3.2 

0 

Side  diagonal 

18.7 

0 

End  diagonal 

18.2 

L 

0 

HEGS-10 


FLOOR-BEAM  GRID 

The  floor  of  the  HEGS-10  is  supported  at  its  four  corners.  Figure  A-ll 
shows  the  main  structural  beams  of  the  floor  and  the  supports.  The  beams 
are  created  by  welding  T-sections  and  angle-sections  to  the  plate  which 
forms  the  surface  of  the  floor;  thus,  the  floor  surface  itself  becomes  an 
integral  part  of  the  beams.  There  are: 

1.  Six  longitudinal  beams  which  support  interior  loads 

2.  Two  lateral  beams  which  support  the  ends  of  the  longitudi- 
nal beams  and  transfer  load  to  the  reaction  points  at  the 
corners  of  the  floor 

3.  One  lateral  beam  which  interconnects  the  longitudinal 
beams  at  their  midspan. 

The  structural  integrity  of  the  floor-beam  grid  was  analyzed  using  NASTRAN. 
Figure  A-12  shows  the  structural  model  with  numbered  nodes  and  elements. 
Element  numbers  are  circled.  The  section  properties  and  cross  sections 
for  the  various  elements  are  shown  in  Figure  A-13. 

The  gondolas  are  designed  for  an  ultimate  load  that  equals  1.5  times  the 
limit  load.  Since  the  aluminum  alloy  5456,  from  which  the  floor  is  made, 
has  an  ultimate  strength  (after  welding)  greater  than  1.5  times  the  yield 
strength,  the  margins  of  safety  for  limit  loads  (which  are  based  upon  yield 
strengths)  are  lower  than  the  margins  of  safety  for  the  corresponding  ulti- 
mate load.  The  NASTRAN  analysis  herein  shows  the  limit  load  case. 

The  NASTRAN  analysis  corresponds  to  an  off-center  load  of  8,000  pounds  at 
1-g.  Using  a limit  load  factor  of  3.2,  the  applied  load  for  the  analysis 
is  8.0  x 3.2  = 25.6  kips  (limit).  The  centroid  of  the  load  lies  at  the 
geometrical  60%  position  of  the  floor  in  the  longitudinal  and  lateral 
directions,  as  shown  in  Figure  A-14.  The  loaded  area  corresponds  to 
300  psf  at  1-g,  300  x 3.2  = 960  psf  at  limit,  and  960  x 1.5  = 1440  psf  at 
ultimate. 
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Members  1 through  4,  29  through  34 
Edge-beams 
A = 3.375  in.2 
Iy  = 14.143  in.2 


WA 


total 


= .480 


Members  5 through  28 
T-beams 

A = 2.904  in.2 
I = 13.331  in.4 

\ieb/Atotal  = ,336 


Members  35  through  39,  45  through  49 
End-beams 
A = 4.197  in.2 
Iy  « 18.340  in.4 

Aweb/Atotal  = *386 


Members  40  through  44 
Center-beam 
A = 2.717  in.2 
Iy  = 12.563  in.2 


Aweb/,Ati 


otal 


= .359 


.282 


2.50 


1 6.00 

- .1875 

1*  r 

m 

i ; 

.188 

„ t 

J 

; 2.180 

5.00  j 

r i 

3.008 

Figure  A-13.  Section  properties  and  cross  sections 
for  elements  of  HEGS-10. 


Figure  A-14.  Loading  for  HEGS-10,  case  3.01. 
The  calculations  to  determine  the  loaded  area  are: 


Intensity  of  load  = 
Footprint  of  load  = 
Total  floor  area  = 
Loaded  area/total  area  = 
Loaded  length  = 
Loaded  width  = 
Loaded  footprint  between: 

x = 


P 

P/P 

WL 

R = P/pWL 
JR  L 

JR  w 


= 300  psf  at  1-g 
= 8.0/. 3 = 26.67  sq.  ft. 

= 113.5  x 89/144  = 70.15  sq.  ft. 
= 26.67/70.15  = .380185 
= /. 380185  x 113.5  = 69.98  in. 

= / ."3801 85  x 89.00  = 54.88  in. 


.6L  + JR  L/2  = 68.1  + 69.98/2; 

33.11  to  103.09  in. 


y = . 6W  + /R  W/2  = 53.4  + 54.88/2; 

25.96  to  80.84  in. 


The  corresponding  loads  acting  upon  the  longitudinal  beams  of  the  NASTRAN 
model  are  calculated  in  Figure  A-15. 
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ion# 


F 


89.00 


80.847Tt' 


67.03 


.09206  x = .02893  k/in. 


total  load  = 13.81  x .006666  = .09206  k/in. 
.09206  - .02893  = .06313  k/in. 


.06313 
+ .05006 


.11319  k/in. 


67.03 


cvj 

o 


52.01 


-*-15.02  x .006666  _ 


= .05006  k/in. 


.05006 
x 2 


.10012  k/in. 


.05006 
+ .04653 
.09659  k/in. 


36.99 


OsJ 

O 


25.96 

21.97 


00 

o 


- t 


-*“.07353  - .02700  = .04653  k/in. 

total  load  = 11.03  x .006666  = .07353 


°7353  x 2 ^5^02  = .02700  k/in. 


Figure  A-15.  Loadings  on  beams  of  HEGS-10,  case  3.01 


Table  A-7  presents  the  results  from  the  NASTRAN  analysis.  The  margins  of 
safety  are  everywhere  positive.  The  minimum  margins  of  safety  are: 


+ .01  in  the  edge  beams,  member  32 

+ .12  in  the  T-beams,  member  26 

+ .03  in  the  end  beams,  member  48 
+ .11  in  the  center  beam,  member  42 


TABLE  A-7.  HEGS-10  FLOOR  ANALYSIS  (continued) 
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TABLE  A-7.  HEGS-10  FLOOR  ANALYSIS  (continued) 
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TABLE  A-7.  HEGS-10  FLOOR  ANALYSIS  (continued) 
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TABLE  A-7.  HEGS-10  FLOOR  ANALYSIS  (continued) 
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FLOOR  PLATING 


In  addition  to  working  as  the  upper  flanges  for  the  floor  beams,  the  floor 
plating  also  acts  as  a member  which  supports  concentrated  loads  (e.g., 
wheel  loads)  and  transmits  their  reactions  to  the  beams.  The  3/16-inch 
plate  is  both  strong  and  stiff.  It  can  safely  support  large  concentrated 
T ads  after  small  amounts  of  acceptable  plastic  deformations  occur.  For 
example.  Figure  A-16  shows  the  expected  load-deflection  curves  for  single 
wheel  and  dual  wheel  loads,  each  positioned  to  cause  the  greatest  perma- 
nent deformation.  The  permanent  deformation  from  a load  of  8000  pounds 
from  a 150-psi  tire  is  about  0.18  inch  for  the  single  wheel  case  and  only 
0.12  inch  for  the  dual  wheel  case.  Such  deflections  (about  1/100  of  the 
span)  would  be  hardly  perceptible  because  they  would  be  the  same  magnitude 
as  the  normal  deck  irregulari tie's.  This  favorable  behavior  occurs  because 
the  plate  structure  assumes  a new  geometry  after  deflection  which  supports 
the  load  by  efficient,  in-plane,  membrane  action.  When  a small  amount  of 
permanent  deformation  results  from  the  application  of  a given  load,  no 
further  permanent  deformation  will  occur  under  reapplications  of  the  same 
load.  Reference  12  provides  examples  of  similar  floor  systems  used  in 
modern  bridges. 

The  curves  shown  in  Figure  A-16  were  deduced  from  full-scale  tests  per- 
formed at  Kaman  in  1970  upon  a deck  of  similar  construction.  Figure  A- 1 7 
compares  the  deck  that  was  tested  to  that  used  in  the  gondola. 

The  actual  test  results  are  shown  in  Figure  A-18.  The  expected  curves  for 
the  gondola  were  derived  from  these  test  results  using  the  following 
rationale: 

The  plate  thicknesses  are  in  the  ratio  .1875/. 250  = .75  and 
the  spans  in  the  ratio  15.02/18.00  = .834.  Consider  the  case 
in  which  all  dimensions  were  scaled  by  the  factor  .75;  then 
for  the  same  load  intensity  (pounds/unit  area)  the  deforma- 
tion would  also  be  scaled  by  the  factor  .75  and  the  load  by 
the  factor  .75  x .75  = .5625.  However,  for  the  gondola  the 
scaled  load  will  be  less  because  of  the  perforations  and  the 
11%  longer  (.834/. 75  = 1.11)  span.  Assume  that  these  effects 
reduce  the  scale  factor  for  load  from  .5625  to  .35.  The  curves 
of  Figure  A-16  are  those  of  Figure  A-18  with  the  ordinate  mul- 
tiplied by  .35  and  the  abscissa  by  .75. 

SUPERSTRUCTURE  ANALYSIS 


The  structural  analysis  for  the  HEGS-10  superstructure  was  made  using  the 
critical  loads  from  Table  A-6  and  the  material  properties  listed  in  the 
Material  Properties  section  of  this  report.  Member  sizes,  materials, 
loads,  and  margins  of  safety  are  presented. 
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Plate  permanent  deformation,  inches 

Figure  A-16.  Expected  wheel  load  vs  plate  permanent 
deformation  for  gondola  floor. 
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Load,  P,  kips 


P 


Figure  A-18.  Wheel  load  vs  plate  permanent  deformation 
for  test  deck  defined  by  Figure  A-17. 
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COLUMNS 


Tubinc 


Material:  6061-T6  aluminum 

Limit  Loads:  8.0  kips;  - 5.2  kips 

Size:  3-3/4  in. -diameter  x .049  in.  thick 

Limit  Buckling  - Center  of  Tube 


Unsupported  length  = 85.6  in. 

A = nD  t = tt( 3 . 701 )( .049)  = .570  in.2 

1 = h [Do4  - O = h C(3*75)4  ‘ (3-652)4;i 
I = .976  in.4 

.049" 

From  Figure  1.6. 3.2,  Reference  6:  jrA. 


B = 


tt/e/f: 


where  L‘  = — 


For  simply  supported  ends,  C = 1 


3.75"$ 


L‘  = L 


- sm*  /4?£-  i. 


3085  in. 


g — L/p  __  85 . 6/ 1 . 3085  _ i 2258 

ttv^TfTT  _ /1 0,000 

co  v/  15X 


R = 1 - .385  B = 1 - .385  (1.2258)  = .5281 
Ra  = Fc/Fco 

F„  = R,  F„  = .5281  (35.0)  = 18.48  ksi 

C a CO 


1.5  P 

Ult.  Compressive  Stress,  Fy  = — ^ ^ 


1.5  (-  5.2)  = 
.570 


68  ksi 


MS  = - 1 

u 13.68 
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Tensile  Yield  Stress  at  Tube  Ends  (Heat-affected  Zone) 
Limit  Tension  Load,  Py  = 8.0  kips 


fty  * / ■ 757ff  ■ '4'04  ksi 


Ft  =20.0  ksi 


Uc  _ 20.0 

MSty  ' TO?  ‘ 1 " 


Tensile  Ultimate  Stress  at  Tube  Ends  (Heat-affected  Zone) 
Ultimate  Tension  Load,  Pu  = 1.5  Py  = 1.5  (8.0)  = 12.0  kips 

£ — U _ 12.0  _ oi  nr  i..j 

ftu  ' A “ 757U  ~ 21,05  ksi 


Ftu  = 24.0  ksi 


End  Lugs 


. _ 24.0 

5tu  ‘ FOB- 


1.1 875"4> 


1 o 724" 


- | 

|* — 2.50"  — *j 


— * .so" 


Material:  6061 -T6  aluminum  forging 
Limit  Load:  8.0  kips 

Shea rout 

A$  = 2 (1 .130)( .50)  = 1.130  in.2 
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Yield  Shear  Stress 


- - 8.0 

" A " 1.130 

= 20.0  ksi 


= 7.08  ksi 


MS 


20.0 

sy  7.08 


- 1 


Ultimate  Shear  Stress 


^ _ ru  1.5  (8.0) 
fs  = ' 1.130 


= 10.62  ksi 


su 


25.0  ksi 


MS 


25.0 


su  10.62 


Tensile  Stress 

At  = 1.3125  (.50)  = .656  in.2 
Yield  Stress 

p 

f.  = ^ = 12.20  ksi 

ty  At  .656 

Ft  = 35.0  ksi 


Ultimate  Stress 


f 

F 


= JL  = K5  (8-°)  s i8.29  ksi 
tu  A.  .656 


tu 


= 38.0  ksi 


35.0 
12.20  ' 


MS 


38.0 
tu  18.29 


Bearing  Stress 

Abr  = 1.1875  (.5)  = .594  in.2 
Bearing  Yield  Stress 
Limit  Load  = 8.0  kips 


fbry 

Fbry 


' = 354  ■ 13-47  ks1 

= 61  ksi 


MS 


= 61.0 
bry  13.47 


= 1.82 


1 = 1.35 


1 = 1.87 


1 =1.08 


1 = 3.53 
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Bearing  Ultimate  Stress 


Ultimate  Load,  Pu  = 1.5  (8.0) 

fbru  * ^ ’ 35?  = 20'2°  ks1 
Fbru  = 76'°  ksi 


12.0  kips 


MS 


_ 76.0 


bru  20.20 


- 1 = 2.76 


Column  Attachment  Bolt 

Material:  Alloy  Steel,  Ftu  = 125  ksi 
Limit  Load  = 8.0  kips 

8.0  kips 


.35"  |~i( 

ITT' 


m\ 


f 1 1 

4.0  kips  4.0  kips 


1 = = 4 = -00749  in.‘ 


Bending  Yield  Stress 

M = 4.0  ( .35)  = 1.40  kips 

* _ Me  _ 1.40  (.3125) 

fby  ” I .00749  " 58'40  ks’ 


Fty  = 103.0  ksi 


Bending  Ultimate  Stress 


MS 


103.0 


- 1 = .76 


by  58.40  1 — 


fbu  = 1,5  fby  = ]'5  (58-4°)  = 87 -6  ksi 
Fbu  = 125-°  ksi 


mc  _ 125.0  , _ 
MSbu  - 87T6~  - 1 - 
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Ultimate  Shear  Stress 


A$  = 2 (.308)  = .616  in.2 

f = = 1,5  = 19.48  ksi 

su  A$  .616 

F„  = 75.0  ksi 
su 


75.0 

" 19.48  " 


1 = 2.85 


Column  Attachment  Clevis  on  Corner  Fittings 

Material:  6066-T6  aluminum  forging 
Limit  Load:  8.0  kips 


Shearout 

As  = 4 (5.0)(5.0)  = 1.0  in.2 
Shear  Yield  Stress 
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Shear  Ultimate  Stress 


fsu  = 1,5  fsy  = 1-5  (8-°)  = 12-°  ksi 
Fsu  = 34.0  ksi 


ur  _ 34 .0  i 
MSsu  ' T2^  " 1 


Ultimate  Tensile  Stress 

At  = 2 (1 .812) ( .5)  = 1.812  in.: 

f _ U _ 1.5  (8.0)  _ f pn  | j 

ftu  ’ ‘ 1 .812  6'62  ksi 

F = 50.0  ksi 


ur  _ 50.0  •, 

MStu  - O?  " 1 


Ultimate  Bearing  Stress 
Abr  = 2 ( .75)( .5)  = .75  in.2 

Vu  ■ ^ ■ L1#eI  ■ '6-° ks< 

Fbru  = 78'°  ks1 


mc  _ 78.0  i 
MSbru  _ 16.0  ‘ 1 


UPPER  STRUCTURE 
Upper  Sides 


4-l/2"(|> 


Material:  6061-T6  aluminum  tubing 
Limit  Load:  - 5.6  kips 

Size:  4-1/2  in.  diam  x .049  in.  thick  x 104.13  in.  long 
A = irDmt  = tt(4. 451 )( .049)  = .685  in.2 

1 = U [Do4  ' °i4]  = ST  [(4'5)4  " (4-402)4]  = T-697  in-' 
Buckling  - Center  of  Tube 
Assume  ends  are  simply  supported 
From  Figure  1.6. 3. 2,  Reference  6: 


a » 'A  i.  .. 


where  L‘ 


For  C = 1,  L'  = L 


B =-LVP- 


tt/E/F 


co 


L_ 

JC 


0 * ‘ 1-574  <"• 

B = 104-13/1.574  = 1 23g 

_ /10,100 

™ 35.0 


R = 1 - .385  B = 1 - .385  (1.239)  = .523 


F = R F = .523  (35.0)  = 18.30  ksi 
c a co 


Ult.  Compressive  Stress,  f 


1.5  P 


1 = 1-5  (-5.6)  s 


12.26 


u A .685 

MSu  = TOST  “ 1 = ^49 

Compression  Yield  Stress  at  Tube  Ends  (Heat-affected  Zone) 

Limit  Compression  Load,  Py  = - 5.6  kips 


-x*-f 


- 5.6 


cy 


Fcy  = 20.0  ksi 


= 8.18  ksi 


= 20-0  _ | = ] 44 
Mbcy  8.18  1 —= 


Compression  Ultimate  Stress  at  Tube  Ends  (Heat-affected  Zone) 
Ultimate  Compression  Load,  Py  = 1.5  Py  = 1.5  (-  5.6)  = 8.40  kips 

f = ^ = = 12.26  ksi 

cu  A .685 


F_„  = 24.0  ksi 
cu 


MSc„  ■ TOF  - 1 - ^ 


Upper  Ends 

Material:  6061 -T6  aluminum  tubing 
Limit  Load:  - 7.2  kips 

Size:  4-1/2  in.  diam  x .049  in.  thick  x 82.5  in.  long 
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Material:  Kevlar 

Limit  Loads:  Top  Diagonals  = 1.0  kip 
Side  Diagnosis  = 10.3  kips 
End  Diagonals  = 7.0  kips 
Size:  PS29-6  x 19  x .51 

Minimum  Breaking  Strength  of  Cable  = 22.0  kips 
End  Fitting  Efficiency  = 75% 

Ultimate  Cable  Strength  = .75  (22.0)  = 16.5  kips 


Top  Diagonals: 

MS 

Side  Diagonals: 

MS 

End  Diagonals: 

MS 

16.5 

tu  ~ 1.5  (l.OT 
16.5 

tu  ' 1.5  (10.3) 
16.5 

tu  ~ 1.5  (7.0) 


- 1 = 10.0 


- 1 = .07 
- 1 = .57 


HEGS-20 


FLOOR-BEAM  GRID 


The  floor  of  the  HEGS-20  is  supported  at  its  four  corners  and  also  at  the 
midspans  of  the  long  sides.  Figure  A-19  shows  the  main  structural  beams  of 
the  floor.  These  beams  are  created  by  welding  T-sections  and  angle-sections 
to  the  plate  which  forms  the  surface  of  the  floor;  thus,  the  floor  surface 
itself  becomes  an  integral  part  of  the  beams.  There  are: 

1.  Six  longitudinal  beams  which  support  interior  loads 

2.  Three  lateral  beams  which  support  the  longitudinal  beams 
and  transfer  load  to  the  reaction  points 

3.  Two  lateral  beams  which  interconnect  the  longitudinal  beams 
at  their  sub-midspans. 


Figure  A-19.  Main  floor-beam  grid  for  HEGS-20. 

The  structural  integrity  of  the  floor-beam  grid  was  analyzed  using  NASTRAN. 
Figure  A-20  shows  the  structural  model  with  numbered  nodes  and  elements. 
Element  numbers  are  circled. 
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Figure  A-20.  NASTRAN  model  for  floor-beam  grid  of  HEGS-20. 

There  is  much  similarity  between  the  NASTRAN  model  for  the  HEGS-20  and 
HEGS-10  (see  Figure  A-12).  There  is  also  much  commonality  in  member  sizes. 
The  following  members  have  the  same  cross  section  for  both  the  HEGS-20  and 
HEGS-10  gondolas: 

1.  All  longitudinal  beams,  elements  1 through  34 

2.  The  lateral  beams  at  the  ends,  elements  35  through  39  and 
45  through  49 

3.  The  lateral  beams  at  the  sub-midspan  of  the  HEGS-20,  ele- 
ments 50  through  59,  are  the  same  as  the  lateral  beam  at 
midspan  in  the  HEGS-10,  elements  40  through  44  in  Figure 
A-12. 

The  section  properties  and  cross  sections  for  the  common  elements  are  pre- 
sented in  Figure  A-13.  Similar  data  for  the  new  member  at  the  center  of 
the  HEGS-20  are  shown  in  Figure  A-21. 

The  NASTRAN  analysis  presented  herein  corresponds  to  an  off-center  load  of 
25,000  pounds  at  1-g.  Using  a limit  load  factor  of  2.3,  the  applied  load 
for  the  analysis  is  25  x 2.3  - 57.5  kips  (limit).  The  centroid  of  the  load 
lies  at  the  geometrical  60%  position  of  the  floor  in  the  longitudinal  and 
lateral  directions  as  shown  in  Figure  A-22.  The  load  corresponds  to 
300  psf  at  1-g,  690  psf  at  limit,  and  1035  psf  at  ultimate. 
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Members  40  through  44 


4.25 


Figure  A-21.  Section  properties  and  cross  section  for 
center  beam  element  of  HEGS-20. 


p = 690  psf  (limit) 
p = .0047919  ksi  (limit) 


Figure  A-22.  Loading  for  HEGS-20,  case  3.01. 

Ill 


The  calculations  to  determine  the  loaded  area  are: 


Intensity  of  load  = p 

Footprint  of  load  = P/p 

Total  floor  area  = WL 


= 300  psf  (at  1-g) 

= 25/. 3 = 83.33  sq.  ft. 
= 234.25  x 89/144 


= 144.78  sq.  ft. 


Loaded  area/total  area  = 
Loaded  length  = 
Loaded  width  = 
Loaded  footprint  between: 

x = 


R = P/pWL  = 83.33/144.78  = .57556 

JR  L = /:T755G  X 234.25  = 177.72  in. 

= /. 57556  x 89.00  = 67.52  in. 

.6L  + /R  L/2  = 140.55  + 177.72/2; 


51.69  to  229.41  in. 
y = .6L  + /R  W/2  = 53.40  + 67.52/2; 

19.64  to  87.16  in. 


The  corresponding  loads  acting  upon  the  longitudinal  beams  of  the  NASTRAN 
model  are  calculated  in  Figure  A-23. 

Table  A-8  presents  the  complete  results  from  the  NASTRAN  analysis.  The 
margins  of  safety  are  everywhere  positive.  The  minimum  margins  of  safety 
are: 

+ .09  in  the  edge  beams,  member  34 

+ .19  in  the  T-beams,  member  28 

+ .21  in  the  end  beam,  member  48 
+ .05  in  the  sub-midspan  beam,  member  43 
+ .18  in  the  center  beam,  member  58. 

FLOOR  PLATING 


The  HEGS-20  floor  plating  is  essentially  identical  to  that  of  the  HEGS-10. 
See  page  96  for  description  of  expected  performance. 

SUPERSTRUCTURE  ANALYSIS 


The  structural  analysis  for  the  HEGS-20  superstructure  was  made  using  the 
critical  loads  presented  in  Table  A-6  and  the  material  properties  listed 
in  the  Material  Properties  section  of  this  report.  Member  sizes,  mater- 
ials, loads,  and  margins  of  safety  are  presented  (see  page  127). 
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cx> 


CsJ 


• 09632  x 2x2 1 .97  = • 04406  k/in- 

total  load  = 20.1  x .0047919  = .09632  k/in. 
.09632  - .04406  = .05226  k/in. 


.05226 
+ .03599 
.08825  k/in. 


.03599  k/in. 


.03599 
x 2 

.07198  k/in. 


.03599 
+ .01058 
.04657  k/in. 


(.01117  - .00059)  = .01058  k/in. 


total  load  = (21.97  - 19.64)  x .0047919 


.01117 


..  (21.97  - 19.64) 
x 2 x 21.97 


= .01117  k/in. 
.00059  k/in. 


Figure  A-23.  Loadings  on  beams  of  HEGS-20,  case  3.01. 
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TABLE  A-8.  HEGS-20  FLOOR  ANALYSIS  (continued) 
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TABLE  A-8.  HEGS-20  FLOOR  ANALYSIS  (continued) 
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TABLE  A -8.  HEGS-20  FLOOR  ANALYSIS  (continued) 
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COLUMNS 


Corner  Columns 

.125" 

Tubing 

Material:  6061 -T6  aluminum 
Limit  Load:  9.3  kips;  - 16.2  kips 
Size:  3-3/4  in.  diameter  x .125  in.  thick  x 85.6  in.  long 

A = id  t * it(3.625)(.125)  = 1.424  in.2 
1 - 5T  t°o4  - 0i4]  ’ CT  t<3-75>4  - <3-50)4]  * 2'341  * 


Buckling  - Center  of  Tube 

From  Figure  1.6. 3. 2,  Reference  6: 

B = — where  L 1 = -7: 

* * 

For  simply  supported  ends,  C = 1 


L*  = L 

P - /I7A  = 1.282  in. 


B = 


85.6/1.282 


/l 0,000 

v 35.0 


1.251 


R = 1 - .385  B = 1 - .385  (1.251)  = .518 
d 

F = R F = .518  (35.0)  = 18.14  ksi 
c a co 

1,5  Py  1.5  (-  16.2) 

Ult.  Compressive  Stress,  fu  = — ^ — **-  = 17424 


MS 


18.14 

u ’ T7706  " 


3/  4"<j> 


4 


17.06  ksi 

1 = .06 


127 


Material:  6061 -T6  aluminum  forging 
Limit  Load:  9.3  kips;  - 16.2  kips 

Shea rout 


A$  = 2 (2.1 56 ) ( .593)  = 2.557  in.2 
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Yield  Shear  Stress 


fs 

F$y  = 20.0  ksi 


= 057  = 3,64  ksi 


MS 


, 20.0 

sy  3.64 


- 1 


Ultimate  Shear  Stress 


f sy  = 1.5  f = 1.5  (3.64)  = 5.46  ksi 
F$u  = 25.0  ksi 


iir  _ 25.0  1 

MSsu  ' M6  - 1 


Tensile  Stress 

At  = (3.0  - 1.4375)  .593  = .926  in." 
Yield  Stress 


ty 


= = 10.04  ksi 


Fty  = 35.0  ksi 


MS 


35.0 

ty  " 10.04 


- 1 


Ultimate  Stress 

ftu  = 1,5  fty  = 1,5  (10-04)  = 15‘06  ksi 
ft  = 1.5  (10.04)  = 15.06  ksi 


Ftu  = 38.0  ksi 


MS 


38.0 


tu  15.06 


Bearing  Stress 

Abr  = 1.4375  (.593)  = .852  in. 
Yield  Stress 

Limit  Load,  Py  = - 16.2  ksi 

f—  = it: = tbs!  = 19,01  ksi 


’bry 


br 


Fbry  " 61  ksi 


.«•  _ 61 .0 

^bry  " TOT 


= 4.49 


= 3.58 


= 2.49 


= 1.52 


1 = 2.21 
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Ultimate  Stress 


Shear  Ultimate  Stress 
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From  Figure  1.6. 3. 2,  Reference  6: 

r - L/ P - 85.6/1 . 032  _ i CC4 

S;  ' m • 

c0  ^ 35'.  0_ 

R = 1 - .385  B = 1 - .385  (1.554)  = .402 

a 

F„  = R,  F_„  = .402  (35.0)  = 14.07  ksi 

C a CO 

f = = 1,57fii,-~  = 12.22  ksi 

cu  A .761 


14.07 


Mbcu  = T77Z7  “ 1 = 

Compressive  Yield  Stress  at  Tube  Ends  (Heat-affected  Zone) 

Limit  Compression  Load,  Py  = - 6.2  kips 
P /-  n 

f = JL  = = 8.15  ksi 

cy  A .761 


Fcy  =20.0  ksi 


MScy  ■ - 1 - LM 


Compressive  Ultimate  Stress  at  Tube  Ends  (Heat-affected  Zone) 

Ultimate  Compression  Load,  Pu  = 1.5  Py  = 1.5  (-  6.2)  = - 9.3  kips 
P..  o 


f = tt—  = = 12.22  ksi 

cu  A .761 

F = 24.0  ksi 
cu 


MScu  - Tra  - 1 ■ ^ 


UPPER  STRUCTURE 
Upper  Sides 


.094" 


•6.0"<t> 


Material:  6061 -T6  aluminum 
Limit  Load:  - 22.1  kips 

Size:  6.0  in.  diam  x .094  in.  thick  x 112.4  in.  long 
A = 7rDmt  = tt(5.906)(.094)  = 1.744  in.2 

1 = h t°o4  - °i4]  = h [(6.0)4  - (5.812)4]  = 7.606  in.4 

p = /UK  = /y^|  - 2.088  in. 


Buckling  - Center  of  Tube 

Assume  ends  are  simply  supported.  From  Figure  1.6. 3. 2,  Reference  6 
B = LV-P- — = 112-4/2-°^8  = ! oog 


tt/E/F 


CO  TT 


/i o.ooo 
7 “30- 


R = 1 - .385  B = 1 - .385  (1.009)  = .612 

d 

F = R F = .612  (35.0)  = 21.42  ksi 

C 3 CO 

Ult.  Compressive  Stress,  fu  = — ^ ^ = 1 ^744^''^  = ~ 19.01  ksi 

ms  = ^ 1 = 19 

MSu  19.01  ' 1 — 

ression  Yield  Stress  at  Tube  Ends  (Heat-affected  Zone) 


Limit  Compression  Load,  Py  = - 22.1  kips 

fcy  = = 1.7441  = 12,67  ksi 


F = 24.0  ksi 
cy 


ms  _ 24 . 0 1 

MScy  ' TOT  " 1 


Compression  Ultimate  Stress  at  Tube  Ends  (Heat-affected  Zone) 


f = 1.5  fcv  = 1.5  (12.67)  = 19.01  ksi 

vll  v*jr 

F = 24.0  ksi 
cu 


Upper  Ends 


24.0  i _ oc 
TOT  - 1 " 


Material:  6061 -T6  aluminum  tubing 
Limit  Load:  - 17.0  kips 

Size:  6.0  in.  diam  x .094  in.  thick  x 82.5  in.  long 


A = 1.744  in. 


I = 7.606  in.  p = 2.088  in. 


Buckling  - Center  of  Tube 
From  Figure  1.6. 3. 2,  Reference  6: 


[I 

' 

u 


/ 


B = L'/p  = 82.5/2.088  = >74Q 
tt/E/FIT  / 10,100 

CO  it/  — * 


35.0 


Ra  = 1 - .385  B = 1 - .385  (.740)  = .715 
Fr  = Frn  = *715  (35.0)  = 25.03  ksl 

L a CO 

1 . 5 P 

Ult.  Compressive  Stress,  fu  = - -j- * = -1,5/7447‘°^  = 14.62  ksi 

25,03  - 1 = .71 


MS. 


Ju  " 14.62 

Compression  Yield  Stress  at  Tube  Ends  (Heat-affected  Zone) 
Limit  Compression  Load,  P^  = - 17.0  kips 

f = = ~ ^ 7 = 9 75  ksi 

'ey  A 1.744  y,/b  KS1 

F = 20.0  ksi 

''J 


MS, 


20.0 


- 1 = 1.05 


Jcy  9.75  

Compression  Ultimate  Stress  at  Tube  Ends  (Heat-affected  Zone) 
Ultimate  Compressive  Stress,  f = 1.5  f = 1.5  (9.75)  = 14.62  ksi 

c u cy 

Fcu  = 24.0  ksi 


MS 


24.0 


cu  14.62 


- 1 = .64 


DIAGONALS 


The  diagonal  assembly  consists  of  Kevlar  cables  with  17-4PH  stainless 
steel  end  fittings.  The  same  size  cable  is  used  for  the  top,  side,  and 
end  diagonals. 


Cable 

Material:  Kevlar 

Limit  Loads:  Top  Diagonals  = 3.2  kips 
Side  Diagonals  = 18.7  kips 
End  Diagonals  =21.9  kips 
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Size:  PS29-6  x 37  x .85 

Minimum  Breaking  Strength  of  Cable  = 55.0  kips 
End  Fitting  Efficiency  = 75% 

Ultimate  Cable  Assembly  Strength  = .75  (55.0)  = 


Marqiru  of  Safety 

Top  Diagonals: 

MS 

Side  Diagonals: 

MS 

End  Diagonals: 

MS 

41.25 

tu  " 1.5  (3.2)  " 
41.25 

tu  ' 1.5  (18.7)  " 
41.25 

tu  " 1.5  (21.9)  ' 


1 = 
1 


41 .25 

7.59 

.47 

.26 
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Load 


Limit  Load  = - 16.2  kips 

Ultimate  Load  = 1.5  (-  16.2)  = - 24.3  kips 

Section  A-A,  Buckling  Critical 


Thickness  of  aluminum  tube, 
D„  - D 

l;  _ j. /o 

T 


AL 


o "c  3.75  - 3.65 


.050  in. 


Equivalent  thickness  in  carbon/graphite,  t£ 
tQ  = (.050)  = .0260  in. 


ECG  ( al 


Thickness  of  carbon/graphite  tube, 

Ec  " Di  3.65  - 3.581 
TG  2 2 


= .0345  in. 


Total  equivalent  carbon/graphite,  t*  = t + t 


CG 


tt  = .0260  + .0345  = .0605  in. 

Mean  radius  of  equivalent  tube,  Rm  = — — = -^.-0605 


Rm  = 1 .845  in. 
m 


Moment  of  inertia,  I = tt  R ^ tt  = tt(  1 . 845) ^ ( . 0605 ) 


I = 1.194  inZ 
Critical  Buckling  Load,  P 


cr 


.85  tt2  El  = .85  tt2  (19,400) (1 .194) 
~ L2  (85. 6)2 


Pcr  = 26.52  kips 


Ultimate  Load,  P^j  = 24.3  kips 


MS 


26.52 


- 1 = .09 


cu  " 20"  - ■ - ^ 
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/ 


Section  B-B,  Nominal  Stress  in  Aluminum  Tube 

Area,  A = J [DQ2  - Dc2]  = J [(3.75)2  - (3.65)2] 
A = .581  in.2 

^ULT  24  3 

Ultimate  Compressive  Stress,  fcu  = — = yggy 


f =41.8  ksi 
cu 

Allowable  Ultimate  Stress,  Fcu  = 42.0  ksi 


MS  - ^2  ‘ - 1 - .005 


Section  C-C,  Meld  Attachment  to  End  Fitting  (Heat-affected  Zone) 


Area,  A = J [D2  - Dc2]  - } [(3.826)2  - (3.65)2] 
2 


2 2- 
A = 1.033  in.' 


Ultimate  Compressive  Stress,  f 


cu 


fULT  _ 24.3 

~ T753I 


f = 23.52  ksi 
cu 


Allowable  Ultimate  Stress,  Fcu  = 24.0  ksi 


MS 


24.0 


1 


.02 


cu  ' 23752  ' 1 — 


Weight  of  Aluminum-Carbon/Graphite  Composite  Tube 
Weight,  W = yAL 

End  Rings  = .1  ( 1 . 033) (6)  = .620 

Aluminum  Tube  = .1  ( .581 ) ( 75 . 225)  = 4.370 
Carbon/Graphite  = .056  (.392) (69.0)  = 1.515 

TOTAL  WEIGHT,  WCQMp  = 6.505  lbs 

Weight  of  All -Aluminum  Tube 
Weight,  W = yAL  = .1  (1 . 424) (81 .225) 

^ALUM  = ^ *666  lbs 


Weight  Saved  by  Using  Aluminum-Carbon/Graphite  Tube 

AW  = WALUM  " WC0MP  = 11,566  " 6,505 

AW  = 5.061  lbs/column 
or,  for  four  columns/module: 

AWt  = 4 (5.061)  = 20.244  lbs/module 


HEGS-PALIETIZED 


FLOOR-BEAM  GRID 

The  floor  of  the  HEGS-Palletized  is  supported  at  its  four  corners  and  also 
at  the  midspans  of  the  long  sides.  Figure  A-24  shows  the  main  structural 
beams  of  the  floor.  Like  those  in  the  HEGS-10  and  HEGS-20,  these  beams  are 
created  by  welding  T-sections  and  angle-sections  to  the  plate  which  forms 
the  surface  of  the  floor:  thus,  the  floor  surface  itself  becomes  an  inte- 
gral part  of  the  beams.  There  are: 

1.  Eight  longitudinal  beams  which  support  interior  loads 

2.  Three  lateral  beams  which  support  the  longitudinal  beams 
and  transfer  load  to  the  reaction  points 

3.  Two  lateral  beams  which  interconnect  the  longitudinal 
beams  at  their  midspans. 


Figure  A-24.  Main  floor-beam  grid  for  HEGS-Palletized. 

The  structural  integrity  of  the  floor-beam  grid  was  analyzed  using  NASTRAN. 
Figure  A-25  shows  the  structural  model  with  numbered  modes  and  elements. 
Element  numbers  are  circled. 

The  model  for  the  HEGS-Palletized  is  basically  the  same  as  that  used  for 
the  HEGS-10  and  HEGS-20,  with  additional  members  to  account  for  the 
increased  width  of  the  HEGS-Palletized.  The  edge  beams  (elements  1 through 
4 and  66  through  71)  and  the  T-beams  (elements  1 through  34  and  60  through 
65)  have  the  same  cross  section  as  the  corresponding  elements  in  the  HEGS-10 


Y 


Figure  A-25.  NASTRAN  model  for  floor-beam  grid  of  HEGS-Pal letized. 

and  HEGS-20  gondolas.  Section  properties  and  cross  sections  for  these  ele- 
ments are  shown  in  Figure  A-13.  Figure  A-26  shows  the  data  for  the 
remaining  elements  of  the  HEGS-Pal letized. 

The  NASTRAN  analysis  corresponds  to  an  off-center  load  similar  to  that  used 
for  the  HEGS-20.  It  has  a magnitude  of  25,000  pounds  at  1-g.  Using  a 
limit  load  factor  of  2.3,  the  applied  load  for  the  analysis  is  25  x 2.3  = 
57.5  kips  (limit).  The  centroid  of  the  load  lies  at  the  geometrical  60% 
position  of  the  floor  in  the  longitudinal  and  lateral  directions,  as  shown 
in  Figure  A-27.  The  loaded  area  corresponds  to  300  psf  at  1-g,  690  psf  at 
limit,  and  1035  psf  at  ultimate. 


i 
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Members  35  through  39,  45  through  49,  72,  73,  80  and  81 
End  beams 

A = 4.783  in.2 


I = 21.158  in. 
Aweb/Atotal  = *339 


Members  40  through  44,  76  and  77 

Center  beam 

A = 12.186  in.2 


I = 73.156  in. 


Aweb/Atotal  " -238 


11.00 


.250*  * | 

) 

1 


N ^^.250 


4.00 


-.625 


2.892 


5.00 


2.921 


Members  50  through  59,  74,  75,  78  and  79 
Sub-midspan  beam 


A = 3.033  in. 

I = 14.776  in.4 

Aweb/Atotal  = -321 


Figure  A-26.  Section  properties  and  cross  sections  for 
elements  of  HEGS-Palletized. 
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The  calculations  to  determine  the  loaded  area  are: 


Intensity  of  load  = p 

Footprint  of  load  = P/p 

Total  floor  area  = W/L 

Loaded  area/total  area  = R = P/pWL 
Loaded  length  = ^ L 

Loaded  width  = /R  W 


Loaded  footprint  between: 

x = .6L  + /R  L/2 

y = .6W  + /R  W/2 


300  psf  at  1-g 
25/. 3 = b3.33  sq.  ft. 

234.25  x 112/144 
182.19  sq.  ft. 

83.33/182.19  = .45738 
/. 45738  x 234.25  = 158.42  in. 
/. 45738  x 112.00  = 75.75  in. 

140.55  + 158.42/2; 

61.34  to  219.76  in. 

70.72  + 75.75/2; 

32.84  to  108.60  in. 


The  corresponding  loads  acting  upon  the  longitudinal  beams  of  the  NASTRAN 
model  are  calculated  in  Figure  A-28. 
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i 


115.52 

108.60 

97.07 


97.07 

82.05 


.05525  x 2 xM/fl  = -01726  k/in‘ 


total  load  = 11.53  x .0047919  = .05525  k/in. 
.05525  - .01726  = .03799  k/in. 


.03799 
+ .03599 
.07398  k/in. 


15.02  x .0047919  = .03599  k/in. 


.03599 


.03599 
x 2 

.07198  k/in. 


.03599 
+ .01714 
.05313  k/in. 


36.99 

32.84 

21.97 


OJ 

o 

CO 

• 

• 

in 

o 

«—! 

r r- 1 

_ 

(.01989  - .00275)  = .01714  k/in. 


total  load  = (15.02  - 10.87)  x .0047919 


.01989  x 


= .01989  k/in. 
(15.02  - 10.87)  _ 
2 x 15.02 


.00275  k/in. 


Figure  A-28.  Loadings  on  beams  of  HEGS-Palletized,  case  3.01. 

Table  A-9  presents  the  complete  results  from  the  NASTRAN  analysis.  The 
margins  of  safety  are  everywhere  positive.  The  minimum  margins  of  safety 
are: 


.34  in  the  edge  beams,  member  71 
.28  in  the  T-beams,  member  65 


.19  in  the  end  beams,  member  49 

.04  in  the  sub-midspan  beam,  member  59 

.05  in  the  center  beam,  member  44 
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PALLETIZED  FLOOR  ANALYSIS  (continued) 


IZED  FLOOR  ANALYSIS  (continued 
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TABLE  A-9.  HEGS-PALLETIZED  FLOOR  ANALYSIS  (continued) 
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TABLE  A-9.  HEGS-PALLETIZED  FLOOR  ANALYSIS  (continued) 
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TABLE  A-9.  HEGS-PALLETIZED  FLOOR  ANALYSIS  (continued) 
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TABLE  A-9.  HEGS-PALLETIZED  FLOOR  ANALYSIS  (continued) 


FLOOR  PLATING 


W 


The  HEGS-Palletized  plating  is  essentially  identical  to  that  of  the 
HEGS-10.  See  page  96  for  description  of  expected  performance. 

SUPERSTRUCTURE  ANALYSIS 

The  loads  acting  on  the  superstructure  of  the  HEGS-Palletized  module  are 
similar  to  those  acting  on  the  superstructure  of  the  HEGS-20  module.  Con- 
sequently, the  sizes,  stresses  and  margins  of  safety  for  the  HEGS-Palletized 
superstructure  members  are,  in  general,  similar  to  those  previously  obtained 
for  the  HEGS-20  superstructure  members.  Exceptions  to  this  generalization 
are  the  corner  columns,  the  intermediate  side  members,  the  shear  webs,  and 
the  end  diagonals.  Member  sizes,  materials,  loads,  and  margins  of  safety 
for  these  four  members  are  presented. 


CORNER  COLUMNS 


The  ultimate  combined  stress  due  to  axial  load  and  bending  moment 
due  to  eccentricity  is  obtained  using  the  following  expression: 


The  margin  of  safety  is: 


Ultimate  stresses  and  their  respective  margins  of  safety  for  the 
critical  sections  of  the  corner  columns  are  as  follows: 


SECTION 

Pv 

KIPS 

M 

KIP-IN. 

A 

IN.2 

I 

IN.4 

C 

IN. 

fbu 

KSI 

f * 
hbu 

KSI 

MSbu 

A 

16.2 

0 

1.938 

4.854 

2.0 

12.54 

58.0 

3.62 

B 

16.2 

68.1 

1.938 

4.854 

2.0 

54.63 

58.0 

.06 

C 

16.2 

102.2 

2.442 

6.935 

2.032 

54.85 

58.0 

.06 

D 

16.2 

136.2 

2.938 

9.108 

2.063 

54.54 

58.0 

.06 

E 

16.2 

163.4 

3.438 

11.430 

2.094 

45.52 

58.0 

.27 

F 

16.2 

129.9 

2.938 

9.108 

2.063 

52.40 

58.0 

.11 

G 

16.2 

88.0 

2.442 

6.934 

2.032 

48.63 

58.0 

.19 

H 

16.2 

45.8 

1.938 

4.854 

2.0 

40.84 

58.0 

.42 

I 

16.2 

- 11.9 

1.938 

4.854 

2.0 

19.89 

34.0 

.71 

J 

16.2 

0 

1.938 

4.854 

2.0 

12.54 

34.0 

1.71 

*Fbu  = 58.0  ksi  after  heat  treatment 

Fbu  = 34.0  ksi  after  welding  without  subsequent  heat  treatment 
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I n te mediate  Side  Member 


Material:  6061-T6  aluminum  tubing 
Limit  Load:  7.5  kips 

Ultimate  Load  = 1.5  Limit  Load  = 1.5  (7.5)  = 11.25  kips 
Size:  3-3/4  in.  OD  x .049  in.  thick 

A = ttD  t = tt( 3 . 701  )( .049)  = .570  in.2 

m . * 

I = Jk  [Dq4  - D.4]  = ^ [ ( 3 . 75 ) 4 - (3.652)4]  - .976  in. 


7.5k 

*- 


q = .0651  k/in. 


Buckling 

From  page  B3. 44. 33-1,  Reference  12 

P = 0 qL  = .0651  (115.22)  = 7.5  kips 

_ Shear  Load  _ qL  _ 7.5  _ -j  >0 

^or  Largest  Comp.  Loacf  (qL  + P ) 7Tb  + 0 

The  buckling  coefficient,  m = .53 


. p\  - "2  El  „ "2  (lO.lOOX-976)  . 13.83  kips 
U ’CR  .53  (115. 22)2 


Ultimate  Load  = 11.25 


MS 


13.83 


1 = .23 


cu  = rra  ■ 1 ' === 


Compression  Yield  Stress  at  Tube  End  (Heat-affected  Zone) 
Limit  Compression  Load,  = - 7.5  kips 


cy 


_ 7.5 


757U 


= 13.16  ksi 


F = 20.0  ksi 
cy 


MS 


20.0 


1 = .52 


cy  = T37T5  " 1 " ==■ 


Ti;  STRUCTURES  MANUAL,  Grumman  Aircraft  Engineering  Corporation, 
Bethpage,  New  York,  March  1966. 
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SHEAR  WEBS 


Material:  6061 -T6  beaded  aluminum  sheet 
Limit  Shear  Flow,  qLIMIT  = 7.5/115.25  = .065  kip/in. 
Ultimate  Shear  Flow,  qULT  = 1.5  (.065)  = .098  kip/in. 
Thickness,  t = 0.65 


Shear  Buckling  of  Beaded  Panels 


Page  CIO. 16,  Figure  CIO-18,  Reference  13 
For  Bead  Depth  = .25  inches 
Panel  Height  = 14.62  inches 
Maximum  allowable  Shear  Flow,  Q = .260  kip/in. 


MS 


. .260 
s .098 


1 = 1.65 


Ultimate  Shear  Stress 

Ultimate  Shear  Stress,  f = 
F$u  = 15.0  ksi  (as  welded) 


qULT  _ .098 
t .032 


3.06  ksi 


MS 


= IM 
su  3.06 


3.90 


/ 

14.  Bruhn,  E.  F.,  ANALYSIS  AND  DESIGN  OF  FLIGHT  VEHICLE  STRUCTURES, 
Tri-State  Offset  Company,  1973. 


163 


• e- 


wmm. 


END  DIAGONALS 


P = 18.2  kips 
PS29  - 6 x 37  x .085 


Material:  Kevlar 
Limit  Load: 

Size: 

Minimum  Cable  Breaking  Strength  = 55.0  kips 
End  Fitting  Efficiency  = 75% 

Ultimate  Diagonal  Strength,  PULJ  = .75  (55.0) 

MS 


41.25  kips 

41.25 
tu  " 1.5  (18.2) 
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APPENDIX  B 


CRITICAL  ITEM  DEVELOPMENT  SPECIFICATION 
FOR  THE  EXPLORATORY  DEVELOPMENT  OF  A 
HELICOPTER  EXTERNAL  GONDOLA  SYSTEM  (HEGS) 


1.0  SCOPE 

This  specification  establishes  the  performance,  design,  development,  and 
test  requirements  for  the  helicopter  external  gondola  system  (HEGS)  criti- 
cal item. 

2.0  APPLICABLE  DOCUMENTS 

2.1  Government  documents.  The  following  documents  of  the  issue  in  effect 
on  the  date  of  the  request  for  proposal  form  a part  of  this  specification 
to  the  extent  specified  herein. 

SPECIFICATIONS 

Federal 


Military 


MIL-A-8421 


MIL-D-1 000 


Air  Transportability  Requirements, 
General  Specifications  for 

Drawing,  Engineering  and  Associated 
Lists 


Other  Government  Activity 


STANDARDS 


Federal 


Military 


MIL-STD-100 

MIL-STD-147 


Engineering  Drawing  Practices 

Palletized  Unit  Loads  on  40"  x 48" 
Pallets 


MI  L-STD-209 


Slinging  and  Tiedown  Provisions  for 
Lifting  and  Tying  Down  Military 
Equipment 

MIL-STD-889  Dissimilar  Metals 

Other  Government  Activity 

None 

OTHER  PUBLICATIONS 


Manuals 

None 

Regulations 

AR  70-47  Engineering  for  Transportability 

Handbooks 

MIL-HDBK-5B  Military  Standardization  Handbook, 

Metallic  Materials  and  Elements  for 
Aerospace  Vehicle  Structures 

2.2  Non-Government  documents.  The  following  documents  of  the  issue  in 
effect  on  the  date  of  the  request  for  proposal  form  a part  of  this  specifi- 
cation to  the  extent  specified  herein. 


SPECIFICATIONS 


None 

STANDARDS 

ANSI  MH5. 1-1971  Basic  Requirements  for  Cargo  Containers 

3.0  REQUIREMENTS 

3.1  Definition.  The  helicopter  external  gondola  system  (HEGS)  specified 
herein  shall  consist  of  a family  of  three  gondola  module  configurations 
designed  to  be  suspended  below  the  CH-47D  and/or  UH-60  (Black  Hawk)  heli- 
copters (as  applicable)  for  the  purpose  of  rapidly  deploying  equipment  and 
supplies.  The  three  configurations  are  designated  the  HEGS-10,  HEGS-20, 
and  HEGS-Palletized  gondola  modules. 

3.1.1  HEGS-10  gondola  module.  This  module  is  a general  purpose  8-foot  x 
10-foot  cargo  gondola  used  for  transporting  breakbulk/general  cargo,  equip- 
ment, spare  parts,  rations,  and  ammunitions. 
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3.1.2  HEGS-20  gondola  module.  This  module  is  a general  purpose  8-foot  x 
20- foot  cargo  gondola  used  for  transporting  breakbulk/general  purpose 
cargo,  equipment,  spare  parts,  rations,  ammunitions,  artillery,  and 
vehicles. 

3.1.3  HEGS-Palletized  gondola  module.  This  module  is  a palletized  cargo 
gondola  configured  to  accept  463L  pallets  (463L  Air  Cargo  Handling  System, 
MIL-A-8421),  or  40-inch  x 48-inch  pallets,  and  other  special  palletized 
cargo. 

3.2  Characteristics. 

3.2.1  Performance. 

3. 2. 1.1  Aerodynamic  stability.  The  HEGS  modules  shall  have  a porous  floor 
in  order  to  enhance  aerodynamic  stability  in  the  unloaded  mode.  Sides, 
ends,  and  top  shall  be  of  generally  open  and  low  drag  configuration. 

3. 2. 1.2  Loading/unloading  operations.  The  HEGS  modules  shall  be  capable 
of  being  rapidly  loaded/unloaded  from  sides  and  ends,  either  manually  or 
with  forklift  equipment.  End  and  side  structures  shall  be  capable  of  rapid 
connect/disconnect  to  provide  accessibility  for  roll -on/roll-off /drive- 
through  capability. 

3. 2. 1.3  Cargo  containment.  The  HEGS  modules  shall  provide  for  the  contain- 
ment of  cal'go  within  the  flight  envelope  of  the  CH-47D  and  UH-60  helicop- 
ters, as  appropriate. 

3. 2. 1.4  Structural  strength.  The  structure  of  the  HEGS  modules  shall  be 
capable  of  withstanding  the  limit  loads  for  the  suspension,  racking,  and 
stacking  conditions  without  permanent  deformation  that  will  interfere  with 
proper  function,  and  shall  be  capable  of  withstanding  the  ultimate  loads 
for  these  conditions  without  failing,  where  the  ultimate  load  is  defined 
as  1.5  times  the  limit  load. 

3. 2. 1.4.1  Suspension  conditions.  The  HEGS  modules  shall  be  capable  of 
being  suspended  below  the  CH-47D  or  UH-60  helicopters,  as  applicable,  using 
either  a single-point  suspension  system  or  a two-point  suspension  system 
with  sling  angles  not  to  exceed  30  degrees  from  the  vertical.  The  distance 
between  the  two  CH-47D  cargo  hooks  for  the  two-point  suspension  condition 

is  13  feet.  The  HEGS  modules  shall  be  designed  in  accordance  with  AR  70-47, 
Appendix  D,  which  defines  the  limit  lift  point  factors  to  be  applied  to  the 
module  suspension  points.  The  floor  shall  be  capable  of  sustaining  limit 
floor  loads  of  300  pounds  per  square  foot,  and  the  load  asymmetry  factor 
shall  be  based  on  a 60/40  floor  load  distribution  (longitudinal  and  lateral 
CG  location).  The  vertical  CG  location  can  vary  from  12  inches  to  24  inches 
above  the  surface  of  the  floor. 

3. 2. 1.4. 2 Racking  conditions  (longitudinal  and  lateral).  The  HEGS  modules 
shall  be  capable  of  resisting  a .6-g  limit  load  applied  to  an  upper  corner 
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fitting  in  either  the  longitudinal  or  lateral  direction  with  these  loads 
being  reacted  at  the  diagonally  opposite  lower  corner  fitting  located  in 
the  same  plane  as  the  applied  load. 

3. 2. 1.4. 3 Stacking  condition.  The  HE6S  modules  shall  be  capable  of  being 
stacked  two  units  high  with  the  upper  unit  applying  a 1.8-g  downward  limit 
load  to  the  upper  corner  fittings  of  the  lower  module,  while  a 1.0-g  down- 
ward limit  load  acts  on  the  floor  of  the  lower  module.  The  loads  shall  be 
applied  in  accordance  with  the  60/40  load  distribution  (design  criteria). 

3. 2. 1.4. 4 Impact  forces.  The  HEGS  modules  shall  be  capable  of  sustaining 
impact  forces  associated  with  normal  helicopter  external  cargo  handling 
operations.  Specifically,  the  impact  loads  associated  with  edge  or  corner 
strikes  which  may  occur  due  to  uneven  terrain  or  uneven  attitude  of  the 
gondola  shall  be  considered. 

3. 2. 1.5  Corrosion  resistance.  Materials  used  in  the  fabrication  of  the 
HEGS  modules  shall  be  corrosion  resistant,  and  preferably  will  not  require 
paint  or  other  protective  coatings. 

3. 2. 1.6  Wear  and  abrasion  resistance.  Materials  used  in  the  fabrication 
of  the  HEGS  modules  shall  be  resistant  to  the  normal  wear  and  abrasion 
associated  with  cargo  handling  and  loading/unloading  operations. 

3. 2. 1.7  Roller  system.  The  floor  structure  (or  base)  of  the  HEGS- 
Palletized  module  shall  incorporate  provisions  for  a roller- type  or  equi- 
valent system  compatible  with  the  loading/unloading  of  463L  pallets  and 
40-inch  x 48-inch  cargo  pallets.  Provisions  for  securing  463L  and  other 
cargo  pallets  against  longitudinal  and  lateral  movement  while  in  transit 
shall  also  be  incorporated  in  the  floor  structure  of  the  HEGS-Pal letized 
module. 

3. 2. 1.8  Module  handling.  The  HEGS  modules  shall  be  compatible  with  heli- 
copter container  lift  adapter  and  ground  transport  equipment. 

3. 2. 1.9  Loading  ramps.  Provisions  for  attaching  loading/unloading  ramps 
shall  be  incorporated  around  the  periphery  of  the  floor  structure.  Pro- 
visions shall  also  be  incorporated  for  stowing  these  ramps  during  flight. 

3.2.1.10  Wheel  chocks.  Provisions  for  attaching  and  stowing  wheel  chocks 
shall  be  incorporated. 

3.2.2  Physical  characteristics. 

3.2.2. 1 Weight. 

3. 2. 2. 1.1  Design  operating  gross  weight.  The  design  operating  gross 
weights  for  the  three  gondola  module  configurations  are: 

HEGS- 10  8000  pounds 
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HEGS-20 


25000  pounds 
25000  pounds 


HEGS-Palletized 

3. 2. 2. 1.2  Design  empty  weight.  The  design  empty  weight  shall  be  as  light 
as  practical^  Weight  goals  for  the  three  gondola  module  configurations 
are: 

HEGS-10  600  pounds 

HEGS-20  1300  pounds 

HEGS-Pal letized  1600  pounds  (exclusive  of  floor  roller  system) 

3. 2. 2. 2 Configuration  and  dimensions. 

3. 2. 2. 2.1  HEGS-10  modules. 

3. 2. 2. 2. 1.1  Planform.  The  top  and  bottom  planform  shall  conform  to  dimen- 
sional specifications  for  8-foot-wide  x 10-foot-long  units  defined  by  ANSI 
Document  MH  5.1-1971. 

3. 2. 2. 2. 1.2  Interior  width.  The  effective  lateral  interior  width  shall  be 
the  maximum  obtainable,  consistent  with  design  and  materials,  but  not  less 
than  88  inches. 

3. 2. 2. 2. 1.3  Overall  height.  The  overall  height  shall  be  8-feet-6-inches 
in  accordance  with  dimensions  defined  by  ANSI  Document  MH  5.1-1971,  and 
shall  also  be  consistent  with  the  height  selected  for  the  HEGS-20  and  HEGS- 
Pal  letized  modules. 

3. 2. 2. 2. 1.4  Corner  fitting  dimensions.  Dimensions  for  the  International 
Organization  for  Standardization  (ISO)  upper  and  lower  corner  fittings 
shall  be  in  accordance  with  those  specified  by  ANSI  Document  MH  5.1-1971. 
Thicknesses  of  these  fittings  may  vary  from  those  specified,  provided  they 
are  consistent  with  the  structural  capabilities  of  the  material  selected 
and  allow  proper  function  of  standard  handling  equipment. 

3. 2. 2. 2. 2 HEGS-20  modules. 

3. 2. 2. 2. 2.1  Planform.  The  top  and  bottom  planform  shall  conform  to  dimen- 
sional specifications  for  8-foot-wide  x 20-foot-long  units  defined  by  ANSI 
Document  MH  5.1-1971. 

3. 2. 2. 2. 2. 2 Interior  width.  The  effective  lateral  interior  width  at  the 
ends  of  the  module  shall  be  the  maximum  available  consistent  with  design 
and  materials,  but  not  less  than  88  inches.  The  effective  lateral  interior 
width  at  locations  removed  from  the  vertical  end  members  shall  be  a minimum 
of  89-1/2  inches  between  center  posts,  and  shall  be  consistent  with  the 
side  loading  of  88-inch-wide  x 108-inch-long  463L  pallets  defined  by 
MIL-A-8421 . 
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3. 2. 2. 2. 2. 3 Overall  height.  The  overall  height  shall  be  8-feet-6-inches 
in  accordance  with  dimensions  defined  by  ANSI  Document  MH  5.1-1971  and 
shall  also  be  consistent  with  the  height  selected  for  the  HEGS-10  and  HEGS- 
Palletized  modules. 

3. 2. 2. 2. 2. 4 Corner  fitting  dimensions.  Dimensions  for  the  ISO  upper  and 
lower  corner  fittings  shall  be  in  accordance  with  those  specified  by  ANSI 
Document  MH5. 1-1971.  Thicknesses  of  these  fittings  may  vary  from  those 
specified,  provided  they  are  consistent  with  the  structural  capabilities 
of  the  materials  selected  and  allow  proper  function  of  standard  handling 
equipment. 

3 . 2 . 2 . 2 . 3  HEGS-Palletized  modules. 

3. 2. 2. 2. 3.1  Top  planform.  The  top  planform  configuration  shall  conform  to 
the  dimensional  specifications  for  8-foot-wide  x 20-foot-long  units,  ANSI 
Document  MH  5.1-1971. 

3. 2. 2. 2. 3. 2 Bottom  planform.  The  exterior  width  of  the  base  shall  be  the 
minimum  attainable  consistent  with  an  interior  width  of  110  inches  + 2 
inches  - 0.  The  exterior  length  of  the  base  shall  conform  with  dimensional 
specifications  for  20-foot-long  units,  ANSI  Document  MH  5.1-1971. 

3. 2. 2. 2. 3. 3 Underside  of  base.  The  underside  of  the  base  shall  provide 
for  attachment  points  that  conform  with  dimensional  specifications  for 
8-foot-wide  x 20-foot-long  units,  ANSI  Document  MH  5.1-1971. 

3. 2. 2. 2. 3. 4 Overall  height.  The  overall  height  shall  be  8-feet-6-inches 
in  accordance  with  dimensions  defined  by  ANSI  Document  MH  5.1-1971,  and 
shall  also  be  consistent  with  the  height  selected  for  the  HEGS-10  and 
HEGS-20  modules. 

3. 2. 2. 2. 3. 5 Clear  interior  cargo  height.  The  clear  110  inch  + 2 inch 

- 0 interior  width  shall  extend  vertically  for  6 feet  above  the  floor  sur- 
face or  for  a distance  specified  by  the  contracting  agency. 

3. 2. 2. 2. 3. 6 Corner  fitting  dimensions.  Dimensions  for  the  ISO  upper  cor- 
ner fittings  and  lower  attachment  fittings  (both  conforming  to  the  dimen- 
sions for  an  8-foot-wide  x 20-foot-long  unit)  shall  be  in  accordance  with 
ANSI  Document  MH  5.1-1971.  Thicknesses  of  these  fittings  may  vary  from 
those  specified,  provided  they  are  consistent  with  the  structural  capabil- 
ities of  the  material  selected  and  allow  proper  function  of  standard 
handling  equipment. 

3.2.3  Rel iabil ity.  The  design  configurations  of  the  HEGS  modules  shall 
be  as  simple  as  possible  consistent  with  mission  performance  requirements, 
and  they  shall  be  constructed  for  an  unlimited  service  life.  Maintenance, 
other  than  periodic  adjustments,  shall  not  be  necessary  between  overhauls. 
All  components  shall  be  designed  for  "on-condition"  overhaul. 
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3.2.4  Maintainability.  The  HEGS  modules  shall  be  designed  and  fabricated 
as  specified  herein  to  provide  the  following: 

a.  Minimum  number  of  parts  consistent  with  reliability  and  per- 
formance specified  herein 

b.  Minimum  amount  of  training  and  time  necessary  for  assembly, 
maintenance,  and  disassembly 

c.  Permit  adjustment,  servicing,  replacement  of  parts  and  com- 
ponents, and  other  maintenance  with  minimum  disturbance  to 
other  parts  or  components 

d.  Permit  maintenance  with  general-purpose  tools  and  equipment 
normally  available 

e.  Minimum  number  of  tools  required  for  maintenance  and  compo- 
nent replacement. 

3. 2. 4.1  Repair  time  allowance.  The  HEGS  module  mean-time-to-repair  (MTTR) 
shall  not  exceed  one  hour.  Maintenance  man-hours  per  operating  hour  shall 
not  exceed  .004. 

3.2.5  Environmental  conditions.  The  HEGS  modules  shall  be  functional  at 
ambient  temperatures  of  - 65°F  to  + 125°F  and  shall  suffer  no  detrimental 
effects  when  exposed  to  rain,  ice,  wind-blown  sand,  salt  spray,  or  sunlight 

3.2.6  Transportability.  The  HEGS  modules  shall  provide  stable  aerodynamic 
flight  characteristics  in  both  loaded  and  unloaded  modes  within  the  flight 
envelope  of  the  CH-47D  and  UH -60  helicopters  as  applicable.  They  shall 
also  be  compatible  with  helicopter  container  lift  adapter  and  ground  trans- 
port equipment. 

3.3  Design  and  construction.  The  HEGS  modules  shall  be  designed  and  fabri 
cated  using  commercial  standards  and  procedures  to  produce  low-cost,  light- 
weight, impact-resistant  units. 

3.3.1  Materials,  processes,  and  parts. 

3.3. 1.1  Metallic  materials.  All  metallic  materials  used  in  the  construc- 
tion of  the  HEGS  modules  shall  be  corrosion-resistant  or  treated  to  resist 
corrosion  due  to  fuels,  salt  spray,  or  atmospheric  conditions  likely  to  be 
met  in  storage  or  normal  service.  Unless  protected  against  electrolytic 
corrosion,  dissimilar  metals  shall  not  be  used  in  intimate  contact  with 
each  other.  Dissimilar  metals  are  defined  in  MIL-STD-889.  Material  prop- 
erties presented  in  MIL-HDBK-5B,  or  approved  commercial  specifications, 
shall  be  used  to  establish  the  structural  adequacy  of  the  HEGS  modules; 
where  insufficient  data  is  available  for  this  purpose,  tests  shall  be  per- 
formed to  obtain  the  required  material  properties. 

3. 3. 1.2  Nonmetallic  materials.  Nonmetallic  and  composite  materials  used 
in  the  construction  of  the  HEfiS  modules  shall  be  resistant  to  or  protected 
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from  deterioration  when  exposed  to  climatic  and  environmental  conditions 
likely  to  occur  during  service  usage.  The  protection  against  such  deteri- 
oration shall  be  provided  in  a manner  that  will  in  no  way  prevent  compli- 
ance with  the  performance  requirements  of  this  specification.  Any  protec- 
tive coating  used  shall  provide  maximum  protection  against  cracking, 
chipping,  peeling,  or  scaling  with  age  or  extreme  climatic  and  environ- 
mental conditions. 

3.3.2  Workmanship.  Parts  and  components  shall  be  fabricated  and  finished 
in  a thoroughly  workmanlike  manner.  Particular  attention  shall  be  given 
to  freedom  from  burrs,  sharp  edges,  accuracy  of  critical  dimensions, 
thoroughness  of  welding,  alignment  of  parts,  and  tightness  of  bolts.  Dimen- 
sions and  tolerances  not  specified  shall  be  as  close  as  is  consistent  with 
good  shop  practices.  Dimensions  and  tolerances  that  may  affect  inter- 
changeability shall  be  held  or  limited  accordingly. 

3.3.3  Interchangeability.  Components  and  parts  for  a given  HEGS  module 
configuration  shall  be  designed  for  interchangeability  within  that  config- 
uration. In  particular,  column  assemblies,  and  diagonal  parts  and  assem- 
blies shall  be  designed  to  be  quickly  replaced  in  the  event  of  damage. 

3.3.4  Safety.  The  HEGS  modules  shall  be  designed  as  follows  to  protect 
personnel  working  on  or  near  the  modules: 

a.  Features  shall  be  incorporated  to  prevent  the  collapse  of 
the  corner  columns  and  upper  structure  when  both  sets  of 
end  diagonals  are  removed  or  when  all  side  diagonals  (and 
center  columns  for  the  HEGS-20  and  HEGS-Palletized  modules) 
are  removed  during  loading/unloading  operations. 

b.  Features  shall  be  provided  to  permit  the  assembly  or  dis- 
assembly of  diagonals  and  center  columns,  where  applicable, 
by  personnel  wearing  arctic  clothing. 

c.  Sharp  edges,  burrs,  and  sharp  weld  splatter  shall  be  removed. 

d.  Nonskid  surfaces  shall  be  provided  for  working  surfaces. 

3.4  Documentation.  Drawings  and  associated  lists  for  the  HEGS  modules 
shall  be  in  accordance  with  MIL-D-1000. 

4.0  QUALITY  ASSURANCE  PROVISIONS 

4.1  General.  On  completion  of  construction,  each  developmental  HEGS  mod- 
ule shall  be  subjected  to  the  tests  and  inspections  specified  in  the 
approved  test  plan  to  verify  the  performance  and  physical  characteristics 
set  forth  in  Section  3 of  this  specification.  These  tests  and  inspec- 
tions will  be  conducted  by  the  Contractor  and  monitored  by  a designated 
Government  representative.  Data  shall  be  recorded  in  the  process  of  con- 
ducting the  aforementioned  tests  and  inspections,  and  shall  be  used  to 


verify  that  the  HEGS  modules  meet  the  performance  requirements  and  cap- 
abilities, and  possess  the  physical  characteristics  cited  in  this  specifi- 
cation. 


4.2  Classification  of  tests.  The  HEGS  module  inspections  and  tests  shal 
be  classified  as  developmental.  The  developmental  HEGS  modules  shall  be/ 
tested  for  acceptance  on  the  basis  of  their  capability  to  withstand  the/ 
loads  and  to  achieve  the  functional  requirements  specified  in  Section  <3 
of  this  specification.  / 

/ 

The  HEGS  modules  shall  be  inspected  for  conformance  with  the  physical, 
safety,  workmanship,  and  maintainability  requirements  of  Section  3 of  this 
specification. 


ind 


4.3  Operational  field  trials.  The  Government  will  arrange  for  dnd  per- 
form the  field  trials  of  the  developmental  HEGS  modules  to  verify  aircraft 
interface  compatibility  with  the  specified  aircraft,  with  automated 
lifting  devices,  and  with  ground  transport  equipment.  Field  trials  will 
also  evaluate  the  operational  procedures,  maintainability,  flight  charac- 
teristics, and  durability  of  the  developmental  HEGS  modules.  / 

5.0  PREPARATION  FOR  DELIVERY 

5.1  General . The  HEGS  modules  shall  be  prepared  for  shipment,  FOB,  the 
procuring  Government  agency's  location,  so  that  no  damage/shall  be  incurred 
in  the  course  of  normal  commercial  transport  and  handlinc 

4 

5.2  Specific  requirements.  The  HEGS  modules  shall  be  shipped  disassembled 
All  components  shall  be  secured  to  a shipping  pallet  arya  blocked  and 
cushioned  to  prevent  damage  from  the  imposition  of  routine  transport  and 
handling  shock  loads.  All  protruding  elements  shall  tye  fully  protected 

by  structurally  adequate  bracing  and  covers.  All  accessory  equipment 
shall  be  secured  to  the  base  of  the  HEGS  modules. 

5.3  Marking  for  shipment.  The  HEGS  modules,  when  prepared  for  shipment, 
shall  be  conspicuously  marked  with  the  complete  destination  address,  the 
Contractor's  address,  the  contract  number  under  which  they  were  produced, 


/ 

/ 


and  a concise  item  description. 

5.4  Packing  list.  A packing  list  shall  be  provided  with  each  HEGS  module. 
All  parts  that  are  not  assembled  shall  be  included  on  the  packing  list. 

6.0  NOTES  / 


6.1  Intended  use.  The  development  HEGS  module^  will  be  used  to  confirm 
the  performance,  functioning,  and  operation  of  jthe  system  to  validate  the 
concept  of  providing  a family  of  gondola  modules  to  effectively,  effi- 
ciently, and  safely  transport  noncontainerized/cargo  (vehicles,  weapons 
systems,  equipment,  breakbulk  cargo)  externally,  below  the  CH-47D  and 
UH-60  helicopters,  as  applicable.  f 


/ 


fi  ? s aerification  chanqes.  This  specification  shall  be  maintained  on  a 
current  bills  th?ough-dlTTvery  of  the  developmental  HEGS  monies.  Any 
and  all  chanaes  to  this  specification,  deviations  or  substitutions  of 
materials  or9 components,  shall  have  the  prior  approval  of  the 
Government  agency's  Contracting  Officer  and  shall  be  implemented  by 
approved  DD  Form  1696,  Specification  Change  Notice. 
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LIST  OF  SYMBOLS 


A = Area 
b = Bending 

B = Slenderness  ratio  factor 

c = Fixity  coefficient;  distance  from  neutral  axis  to  extreme 
fiber 

:G  = Center  of  gravity 
D = Diameter 
e = Edge  distance 
E = Modulus  of  elasticity 
f = Calculated  stress 
F = Strength 
g = Force  of  gravity 
I = Moment  of  inertia 
L = Length 
M = Moment 
p = Unit  pressure 
P = Load 
q = Shear  flow 
R = Area  ratio,  radius 
t = Thickness 
W = Width  or  weight 
z = Coordinates 
= Density 


^scripts  and  Superscripts 


b = Bending 
br  = Bearing 

c = Compression;  middiameter 
e = Equivalent 
H = Horizontal 
i = Inner 

m = Mean  / 

o = Outer;  yield 
s = Shear 
t = Tension 
t = Total 
u = Ultimate 
V = Vertical 
y = Yield 

p = Radius  of  gyration 
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